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SUMMARY 


This report summarizes the objectives of the project, the 
study area, methods, sources of data and field and laboratory 
results of the hydrocarbon baseline studies in the Southern 
Beaufort Sea during the summers of 1974 and 1975. The objectives 
of the investigation are: (1) to establish the baseline hydro- 
carbon levels in the Southern Beaufort Sea drilling area by 
measuring classes of hydrocarbons and identifying some specific 
hydrocarbons in sea water, marine organisms, fish and surface 
sediments, (2) to assess the origin of present day hydrocarbons, 
whether anthropogenic or naturally-occurring, and (3) to under- 
Stand the probable hydrocarbon pathways in case an oil spill 
or blow-out occurs in the area. To achieve this, two cruises 
were conducted: a preliminary cruise on the M. V. THETA in the 
summer of 1974 and a major cruise on the M. V. PANDORA II in, 
the summer of 1975, covering the summer open-waters from 139° W 
to 130° W and from the 10 m congour to the, ice edge very close 
to the 100 m contour along 70.5 N to 71. 5° N. Shipboard and 
shore-laboratory measurements of hydrocarbons were made in 
contaminant-free clean rooms on samples collected by hydrocarbon- 
free samplers. Results include polycyclic aromatic hydrocarbons 
and low-molecular weight hydrocarbons in sea water, polycyclic 
aromatic hydrocarbons and non-polar hydrocarbons in fish, mixed 
plankton and sediments. The baseline data show that the marine 
environment in Southern Beaufrot Sea is clean in general. 

No tar or plastic wastes were collected by neuston-net tows on 
the surface sea water. The levels of polycyclic aromatic hydro- 
carbons in sea water are low, comparable in cleanliness to 
uncontaminated oceanic waters in N.E. Pacific Ocean. The levels 
of low-molecular weight hydrocarbons, with the exception of 
methane in near-bottom water are low or close to the detectable 
limits indicating the absence of petrogenic inputs. The high 
methane is due to natural influx from the sediment. The poly- 
cyclic aromatic hydrocarbons in marine organisms appear to 

be low and levels in marine sediments have a very wide range. 
There is a paucity of data for organisms and sediments from 
other world areas for a useful comparison. The non-polar hydro- 
carbons in fish suggest marginal presence of petroleum hydro- 
carbons in the tissues, taking into account the small number 

of samples, the biological variability and the limitation of 

the analytical technique used. The non-polar hydrocarbons in 
marine sediments show characteristics typical of a mixture of 
marine and terrestrial hydrocarbons, suggesting influx of 
terrestrial plant material via the Mackenzie River, which also 
flows through areas with known natural seepage and petroleum 
drillings. 


a INTRODUCTION 


Pat General Nature and Scope of Study 


This study covers investigations of the baseline hydrocarbon 
levels and characteristics in the marine environment of the 
Southern Beaufort Sea. To assess any environmental impact of 
possible hydrocarbon pollution arising from offshore drilling for 
oi] or gas in future, it is essential to establish the existing 
levels of classes of hydrocarbons and specific hydrocarbon 
pollution indicators in sea water, biota and surface sediments 
so that any environmental changes and the rates at which such 
deterioration occurs can be estimated from present and future 
investigations. It is impossible to yield answers to all the 
questions on the hydrocarbon levels in the Arctic environment 
from an 18-month study, but this study should provide the first 
few essential steps towards grasping the dimensions of the 
chemical aspects. The scope of the study includes baseline 
hydrocarbon data from two chemical oceanographic cruises in the 
Southern Beaufort Sea area: a THETA cruise in the summer of 
1974, a PANDORA II cruise in the summer of 1975 and from a beach 
walk program to investigate hydrocarbon pollution or natural 
seeps along the Southern Beaufort Sea Coastline in the summers 
of 1974 and 1975. 


The work was planned and co-ordinated by C. S. Wong with 
W. J. Cretney as the co-investigator. It also involved substan- 
tial contribution from staff of the Ocean Chemistry Division, 
Ocean and Aquatic Sciences, Pacific Region, in the Department 
of the Environment. Part of the work was carried out by contracts 
to C. E. L. L. (DSS Contract File Ref. 01SX-KF832-0095), CHEMEX 
(DSS Contract File Ref. STO2-KF832-4-0785) and SEAKEM (DSS Contract 
File Ref. VIC46915/1) in 1974, and to SEAKEM (DSS Contract File 
Ref. SZ02. KF832-4-2062 and SZ02. KF832-4-2135), W. Richardson 
(SSO08. KF832-5-0425) and Thalassic Data (SZ02. KF832-4-2107) in 
pro 


The personnel in the Ocean Chemistry Division and in 
industries involved in this study includes the following: 


Ocean Chemistry Division 


Dr. C. S. Wong (Chief, Ocean Chemistry Division) 
Dr. W. J. Cretney (Head, Marine Hydrocarbons Section) 
Dr. R. W. Macdonald (NRC postdoctoral fellow) 

Dr. P. Christensen (NRC postdoctoral fellow) 


Industries 

Mr. P. Erickson fC, EL; ti, 19743 SEAKEM, 3975) 

Mr. B. McIntyre (CHEMEX, 1974) 

Mrs. B. Hubbard (SEAKEM, 1974) 

Mr. D. Macdonald (GC. —. L. 4@., 1974; Thalassié Data, oh975) 
Mrs. J. Stuart (SEAKEM, 1975) 

Miss W. Richardson (Personal contract, 1975) 


Petroleum, or crude oil, is a very complex substance 
(Bestougeff, 1967) consisting of over 75% of hydrocarbons 
and usually 5-10% of non-hydrocarbons. The elements found 
in crude oi] are C, H, 0, N and S and trace amounts of 
metals, usually Ni, V, Fe, Na, Ca and Cu. The predominant 
classes of hydrocarbons are paraffins, cycloparaffins, 
aromatics (mono-, di- and poly-cyclic), naphteno-aromatics 
and asphaltene residual (including hetero-cyclics). Important 
physico -chemical properties of petroleum classes are summarized 
in Table 1 (Maritime Administration, U. S. Department of 
Commerce, 1973). Some environmentally significant compounds are 
shown in Figure 1. 

Petroleum natural gases are complex mixtures too 
(Speers and Whitehead, 1969; Maritime Administration, U. S. 
Department of Commerce, 1973) consisting of volatile low- 
molecular weight (LMW) hydrocarbons, naphthenes aromatics 
and substantial amounts of non-hydrocarbons. The non-hydrocar- 
bons include non-toxic nitrogen, carbon dioxide, helium and 
toxic hydrogen sulphide. The hydrocarbons include mainly 
C,-C gases of methane, ethane, propane, i- and n-butanes 
and ¢ome gaseous i- and n-pentanes, hexanes as well as gases 
above carbon number 7 (C+ aliphatics). The naphenes and 
aromatics include cylcopéntane, methylcyclopentane, cyclohexane 
and benzene. 


A large number of possible toxic constituents of crude 
oi] exist (Speers and Whitehead, 1969). These include: 


(1) Low-molecular weight aromatics such as benzene, 
toluene, xylene and other monocyclic aromatics. 


(2) Acids and phenols such as napthenic acids, ali- 
phatic acids, phenols, cresols, xylenols and 
naphthols. 


(3) Sulphur compounds such as thiols, sulphides and 
thiophenes. 


(4) Polynuclear aromatic hydrocarbons (PAH) such as 
3,4 benzpyrene (BaP), 1,2-benzanthracenes 
1,2-benzphenanthrene (chrysene), diphenylmethane, 
fluorene, phenanthrene and dibenzthiophene. 
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Figure 1. Some Typical Petroleum HC with Environmental Significance. 


pee 


(5) Heavy metals such as nickel, vanadium, mercury, 
lead, cadmium. 


The present state of art in analytical chemistry would not 
permit a complete indentification and quantification of these 
compounds in the marine environment. In fact, even for petro- 
leum, only about 340 individual hydrocarbons have been identi- 
fied so far (Bestougeff, 1967). Our approach in this study is 
the application of known and reliable sampling and analytical 
techniques to obtain a general idea of the levels of marine 
hydrocarbons under existing environmental conditions, bearing 
in mind that the study has to be completed in a short dura- 
tion of 18 months. 


Thus, for the marine hydrocarbon study in the summer 
of 1974 using the M. V. THETA, the work was limited to testing 
of sampling technique using well-established Blumer samplers 
for organics, finding out the precision of our sampling method 
by repeated collections at one spot and estimating the reliability 
of our preservation technique by running storage tests. Some 
sea water and surface sediment samples were also collected for 
a preliminary study of the spatial distribution of hydrocarbons. 
Due to storage problems, shipboard determination of low-molecular 
weight hydrocarbons were made immediately after sample collection. 
In the summer of 1975, a major cruise was conducted using the 
M. V. PANDORA II. Chemical oceanographic work appearing in a 
separate report was performed along with the marine hydrocar- 
bons studies. Sampling of sea water by contaminant-free Blumer 
samplers was made and shipboard measurements of LMW hydrocarbons 
by gas chromatography and of polynuclear aromatic hydrocarbons 
(PAH) by fluorescence technique were conducted. Surface sediment 
samples were collected by a pipe dredge. Plankton samples were 
collected by sub-surface Miller nets and surface floating debris 
by Neuston net tows. The samples to be analyzed in shore labora- 
tory would be stored frozen. Shipboard extractions for aromatics 
and shipboard analysis for PAH were made in portable laboratory 
with the ambient air cleaned by filtration through dust filters 
to remove oil particles from the ship's exhaust and oil. This 
portable clean laboratory (See Fig. 2) is the first of its kind 
built specifically for shipboard hydrocarbon studies and has 
been very successful in eliminating laboratory contamination 
problems often plaguing marine. chemists trying to measure 
ultra-trace levels of environmental contaminants. 


Specific Objectives 


This study hopes to achieve the following objectives: 


(1) To establish the baseline hydrocarbon levels in the 
Southern Beaufort Sea drilling area by measuring classes 
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of hydrocarbons and identifying some specific hydrocarbons 
in sea water, marine organisms, fish and surface sediments. 


(2) To assess the origin of present day hydrocarbons, whether 
anthropogenic or naturally-occurring. 


(3) To understand the probable hydrocarbon pathways in case 
an oil spill or blowout occurs in the area. 


General Relationship to Concerns of Offshore Exploratory Drilling 


There is a general concern on the environmental effect of 
offshore exploratory drilling. We are facing not only a short- 
term problem arising from accidental spillage and blowouts but 
also a long-term chronic effect on the marine environment. 

The extremely cold weather in the Arctic poses an additional 
threat due to the low biodegradation rate which tends to preserve 
the pollutants and prolong the environmental damage. To predict 
the ecological effects of oil pollution is a complex problem and 
to do so for the Arctic ice and waters is even more difficult. 
The first hurdle we have to overcome is the general lack of 
information on the present-day hydrocarbon levels in the Arctic 
marine environment. There is a general agreement that the 
Arctic waters and ice are now "very clean" in a qualitative 
sense. However, no scientific data are available to tell us 

how clean they are. Very careful analyses for hydrocarbons in 
Sea water, marine organisms, fish and surface sediments are 
required to establish, in future, any chronic pollution intro- 
duced by offshore drilling for oil and gas, or if any residual 
effects remain after an accidental spill or blowout. The base- 
line hydrocarbon data can be regarded as an insurance policy 
designed to ensure that the future Arctic marine environment 
will be maintained at the present level of cleanliness with 
respect to hydrocarbons. 


RESUME OF CURRENT STATE OF KNOWLEDGE 


No knowledge exists on the hydrocarbon levels in sea water, 
sea ice, fish, marine organisms, marine mammals, marine flora, 
and surface sediments in the drilling area of the Southern 
Beaufort Sea. Only scarce data exist for Western Beaufort Sea 
off the Alaskan Coast and at Prudhoe Bay. One set of data on 
the straight-chain hydrocarbons in phytoplanktons was collected 


in the Beaufort Sea off the U. S. Alaskan Coast (Clark, R. C., Jr. 


loc. cit.). Total extractable hydrocarbons in benthic sediment 
and in fish were investigated off Prudhoe Bay (Shaw and Cheek, 
unpublished manuscript) and aromatic hydrocarbons in fish and 


sediment in Prince William Sound/NE Gulf of Alaska (Chester et al. 


1976). The U. S. data off the Northern Alaskan Coast did not 
include aromatics and low-molecular weight hydrocarbon gases, 


which should be a much better indication of possible increases 
in levels of hydrocarbons resulting from drilling or human 
activities. 


Up to the present, there has been no data on gaseous 
hydrocarbon concentrations in the Beaufort Sea. Swinnerton 
and Lamontagne (1974) have compiled extensive data on the 
oceanic distribution of low-molecular weight hydrocarbons 
but the part relevant to comparison with Beaufort Sea data 
would be those in the Greenland Ice Pack. In view of the 
prospective oil drilling operations, the gaseous hydrocarbon 
data from the Louisiana Shelf area in the Gulf of Mexico 
should be useful for comparison, However, drilling operations, 
ballast tank dumping, industrial and domestic inputs have 
been taking place for some time in this area before the 
required sensitivity of detection techniques (Swinnerton and 
Linnenbom, 1967a; Swinnerton and Linnenbom, 1967b; Swinnerton 
et al.,1962) was developed. Thus, those shelf data (Brooks 
and Sackett, 1973; Brooks et al., 1974; Sackett and Brooks, 
1974; Frank et al., 1970; Brooks et al., 1973) collected 
later cannot be used as "baseline". Some of the gaseous 
hydrocarbons, such as CH,, C Hy and C.H-, may be derived 
biologically. Other satiratéd hydrocarBons , such as C He 
and C He should be good petrogenic hydrocarbon tracers, 
despite the possible natural production of these gases in 
anoxic waters. These light hydrocarbons do not appear to 
be detrimental to marine organisms. However, they could 
serve as useful tracers of anthropogenic inputs and warn 
us of the presence of other not so innocuous petroleum com- 
ponents. 


STUDY AREAS 


The area covers the summer open-waters between the 
Yukon-Alaskan boundary in the west and Cape Parry in the 
east, including the offshore permits in the Southern Beaufort 
Sea and the two Canmar (Canadian Marine Drilling Ltd.) 
wildcat sites. For the summer cruise of 1974, the surveyed 
area by Ocean Chemistry Division on the M. V. THETA extended 
from Herschel Island (about 139°W) to offshore areas off 
Atkinson Point (about 131°W), and from the 10 m. contour 
along the coastal area to about 709N and 719N. The station 
locations and the cruise area are shown in Figure 3. The cruise 
in the summer of 1975 (August 2-25, 1975) covered a much 
wider area extending from 130°W and from the 10 m contour to 
the ice edge very close to the 100 m. contour along 70.5°N to 
71.5°N, as shown in Figure 4. The locations of nearshore 
sediments for polycyclic aromatic hydrocarbons collected 
under a coastal pollutant study (Wong et al., 1976) are 
Shown in Figure 5. 
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METHODS AND SOURCES OF DATA 
Cruises 


Sampling for hydrocarbon studies in the marine environment 
of the Southern Beaufort Sea during August 1974 was carried out 
from the charter M. V. THETA. The ship was loaded during the 
week of June 22 and left for Beaufort Sea June 28. However, 
because of heavy ice conditions, the THETA did not arrive in 
the sampling area until August 8. Ocean Chemistry personnel 
joinedthe ship on August 9 from Stokes Point and sampling was 
conducted August 11 to September 1. In 1975, sampling and 
shipboard analysis for hydrocarbon studies were conducted from 
the charter M. V. PANDORA II. Loading was done in Victoria in 
early July and the ship arrived in the sampling area as late as 
August 2, due to delay by heavy ice. Ocean Chemistry personnel 
joined the ship on August 2 from Stokes Point, and equipment 
preparations for chemical measurements and sampling were ready 
by August 4. Due to time constraints and rough seas, only six 
Stations were occupied in the first leg. A north-west gale 
forced the ship to seek shelter in the lee of Herschel Island 
August 9-11 and had pushed the ice-field into Mackenzie Bay 
to as far south as 69915'N. The remaining Ocean Chemistry 
personnel joined the ship on August 11 from Stokes Point 
for the second leg. The Eastern Mackenzie Bay and shelf waters 
off the Tuktoyaktuk Peninsula were ice-free and sampling at 
a series of 38 stations from August 12-21 was conducted in a 
zig-zag pattern between the 15 m. contour line and the ice 
edge at approximately the 70-80 m. depth contour. A time-series 
station was occupied August 23-24 about 45 miles north of 
Tuktoyaktuk. Chemical studies were completed on August 25. 

Due to a heavy ice field blocking the western passage, the 

M. V. PANDORA II had to return via the ice-free eastern passage 
in mid-September through M'Clintock Channel, Franklin Strait 
and Gulf of Boothia. The ship reached Halifax on October 13 
and later Victoria via the Panama Canal on November 24. 

Thus, the 1975 samples had to be kept for an extra three months 
of storage on board. 


Sampling and Storage 


In 1974, heavy ice conditions throughout the summer had 
limited the sampling to Mackenzie Bay and a narrow stretch of 
water along the Tuktoyaktuk Peninsula between Herschel Island 
and Atkinson Point. The stations with hydrocarbon sampling 
are shown in Table 2, 


In 1975, a heavy ice fielc was mainly on the Alaskan side 
of the Southern Beaufort Sea leaving the Eastern Mackenzie Bay 
and shelf water off the Tuktoyaktuk Peninsula relatively ice-free. 
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Forty-four stations were occupied with a total of 57 sea water 
samples for LMW hydrocarbons , 36 sea water samples for PAH, 
2? surface sediment samples by pipe dredge, 3/ Miller net tows 


for hydrocarbon levels in planktons, and 18 surface Neuston 


net tows for tar and other particulate pollutants. The detailed 
listing of stations with hydrocarbon sampling is shown 1n 
Table 3. 


Sea water 


Sea water for aromatic and polycyclic hydrocarbons was 
collected with a 5-liter Blumer sampler (Clark, Jr. et al., V960 1% 
which consisted of an aluminium pressure Case with an evacuated 
glass liner and a valve activated by pressure supplied by a 
tank of nitrogen on board as shown in Figure 6. The glass 
liners were pre-cleaned in a shore laboratory with rinses of 
hydrocarbon-free methanol and methylene chloride and fitted 
with pre-cleaned ground glass stoppers. Excess solvent was 
drained from the glass liners just before being inserted into 
the aluminium casing; then it was capped and tightened to 
130 inch-Ibs with a torque wrench. The sampler was then 
evacuated for three to five minutes, closed at the activated 
valve, and connected through an 1/8" nylon tubing to a cyliner 
of nitrogen. After lowering to the desired depth, the valve 
was activated by 125 psi pressure from a pressurized nitrogen 
cylinder to fill the evacuated glass liner with sea water for 
about five minutes. On raising the sampler to the surface, 
the expansion of sea water collected at greater depth and the 
very narrow inlet tubing prevented possible contamination of 
the sample by waters at shallower depths. The glass insert 
with the full sea water sample was immediately plugged with 
a ground-glass stopper after opening the pressure casing. 

The sea water sample was then poisoned with about 35 mg of mercuric 
chloride to prevent biological degradation and stored in the 

dark inside a wooden box lined with insulation. In 974, the 
storage temperatyre on the ship was generally at 2-4 °C and 

never exceeded 9°C. In 1975, the samples were stored ina 
refrigerator at 4°C. on board. After unloading in Victoria, 

the samples for both years were stored in a cold room at 4°C 

prior to chemical analysis, usually two to four months after 
collection. 


Sea water samples at all depths for LMW hydrocarbons 
were collected by a Blumer sampler in the same way as described. 
However, a set of glass liners were used specifically for the 
LMW gases and all samples were processed immediately within 
a few minutes of sampling. 


In 1974, surface grab samples for aromatic hydrocarbons 
were also taken using a solvent-washed stainless steel bucket 
suspended from a nylon line cast off the bow of the ship. 
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Sediments 


Surface sediment samples were collected with steel pipe 
dredges (Fig. 7). 


These were constructed from a 12-inch length of 4-inch 
diameter steel pipe sealed at one end and tapered at the open 
end to form a scoop. A two-foot length of 1/4-inch steel 
chain with a greaseless swivel was used to attach the dredge 
to the wire (standard 5/32-inch wire was used). Prior to the 
cruise, the dredges were washed with methanol and methylene 
chloride and covered with aluminum foil held in place with a 
stainless steel hose clamp. After retrieval, the dredges 
were immediately re-covered with aluminum foil, frozen and 
stored at -55°C. Care was taken to ensure that the dredges 
did not come in contact with the ship. 


The sampling procedure used was as follows: with the 
ship stationary, the dredge was lowered to the bottom and an 
extra 10 to 15 m of wire let out as the ship was slowly edged 
forward. While feeling for tugs on the line, the dredge 
was dragged on the bottom until the wire angle reached 
approximately 50°. The ship was than stopped and the dredge 
retrieved. In some instances, a cast iron weight was placed 
in front of the dredge to increase the amount of sample taken. 


Open beach sediment samples and benthic sediment samples 
were collected as already described in Technical Report No. 13 
(Wong, et al., 1976). 


Floating Surface Pollutants 


Sampling for floating surface pollutants, such as tar balls 
and plastics, was carried out with a Neuston net (Wong et al., 
1974). Tows were made from the starboard side of the ship using 
a forward cargo boom to place the net out from the side of the 
ship which towed the net for one hour at a speed of 4 knots. 


Marine Organisms 


In 1975, phytoplankton and zooplankton were collected at 
different depths using four Miller nets (Kahl Scientific) with 
No. 20 mesh size nylon nets and specially fabricated stainless 
steel (24 gauge) buckets, towed at a speed of 4-5 knots for 
about one hour. The plankton collected was washed with water 
into the bucket and the plankton for hydrocarbon analysis was 
spooned with a stainless steel spoon into a pre-washed aluminum 
can (3-1/2" o.d. x 2") with a tight aluminum cap. The capped 
aluminum can was stored frozen immediately. Some plankton was 
preserved in formaldehyde for biological identification. 
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The sampling equipments and containers were pre-cleaned prior 
to the cruise. The nylon nets were repeatedly soaked in distilled 
ethanol to remove hydrocarbon impurities. The buckets and fiber- 
glass tows were washed with detergent, rinsed with distilled 
water and finally with distilled ethanol. The plankton buckets 
were given a final rinse with re-distilled methylene chloride. 
Aluminum cans were cleaned with soap and water, distilled water, 
redistilled methanol and finally methylene chloride. 


Fish 


Due to logistics problems, fish collected in the beach walk 
program had to be preserved with hydrocarbon-free formaldehyde, 
which had been previously extracted with redistilled hexane. 
Fish samples were also obtained by Dr. Roger Percy of the 
Freshwater Institute, Winnipeg, Manitoba. These fish had been 
frozen in the ice off Pt. Atkinson on the Tuktoyaktuk Peninsula. 
They were chipped from the ice shortly after freeze-up and kept 
frozen first in a plastic bag and then in individual aluminum 
foil wrappers. The fish samples remained frozen after sampling, 
in transit.and for storage. Based on pathological examination, 
the most probable cause of death was ice formation in gills with 
death occurring about 12 hours before complete freezing. The 
samples had to be stored for at least four months prior to 
laboratory analysis. The foil in use contained about 75 ng 
polycyclic. aromatic hydrocarbons per gram of the aluminum foil. 


ANALYTICAL METHODS 


Polycyclic Aromatic Hydrocarbons in Sea Water 


The polycyclic aromatic hydrocarbons (PAH) in sea water 
were measured by a fluorescence technique (Cretney and Wong, 1974) 
using a combination of high speed liquid chromatograph with 
fluorescence or ultraviolet spectrophotometers (HSLC-FS, or 
HSLC-UVS). In 1974, the samples were brought back to the shore- 
laboratory in Victoria for analysis. In 1975, most of the samples 
were processed in a shipboard clean laboratory as shown in 
Figure 2. To separate suspended particulates (>0.5 um) 4 litres 
of sea water in batches was centrifuged at 5° using a Sorvall 
RC5 centrifuge with a GS-3 rotor and custom-fabricated stainless 
steel buckets. Centrifuged sea water (1.8 litres) was siphoned 
off into a pre-cleaned 2 litre separating funnel with a glass 
Stopper and was extracted with methylene chloride (90 ml) in 
two portions. The methylene chloride extract was concentrated 
by removing the solvent in a rotary evaporator and the PAH was 
taken by cyclohexane. The fluorescence of the cyclohexane 
extract was determined using a Perkin-Elmer 204 fluorescence 
spectrophotometer. 
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Some methylene chloride extracts were brought back to 
Victoria for analysis. These extracts were kept in glass 
ampoules sealed with glass stoppers with teflon sleeves for 
transportation. In the shore clean-laboratory, the methylene 
chloride was removed and the residue redissolved in hexane. 
The hexane solution was analyzed using a combined HPLC-FS 
detection in two ways: (i) directly and (ii) passing the solution 
through a chromatographic column containing 5 um silica gel 
(LiChrosorb Si-60, E. Merck Co.) In 1974, the preserved sea 
water samples were analyzed in the Victoria shore-laboratory 
using the same extraction and analytical techniques. 


The suspended matter in the 1974 samples was allowed to 
settle while the samples were stored in the dark at 59°C. Sea 
water was siphoned off and the suspended particulates were 
extracted for PAH as above and analyzed with the silica gel 
column in the HPLC-FS system. In 1975, some of the centrifuged 
suspended matter was solvent-extracted immediately in the ship- 
board cleanroom as described, and the unprocessed samples and 
extracts were brought back to Victoria. ' 


Chrysene was used as an external standard and the fluorescence 
responses of both the standard ana the environmental samples 
were measured using an excitation wavelength of 308 nm and an 
emission wavelength of 383 nm. The analytical results were 
expressed as equivalent of chrysene. In this report, those 
fluorescent compounds which are present in sea water can be 
extracted with methylene chloride and have retention times on 
Silica gel which are characteristic of 2- to 6-ring PAH and are 
designated as PAH. Validation of this designation must await 
further study with more sophisticated instrumentation and 
techniques, however. Those fluorescent compounds, including 
PAH, which are present in sea water and can be extracted with 
methylene chloride are referred to as fluorescent extractable 
compound or simply fluorescent extractables. This emphasis is 
necessary to make a distinction between fluorescence values 
obtained without prior elution of the solvent extract through 
Silica gel and those obtained with prior elution of the solvent 
through silica gel to remove possible fluorescing material having 
polar functional groups (-OH, -COOH, =0 etc.). 
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Polycyclic Aromatic Hydrocarbons in Nearshore Sediments 


Thirteen open beach sediment samples and two benthic 
sediment samples collected along the Beaufort Sea Coasts 
were analyzed for polycyclic aromatic hydrocarbons using 
a modification of the method of Blumer and Giger (1974). 
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Modified Extraction Techniques of PAH 


Wet sediments (110-205 g) were Soxhlet-extracted for 24 hours 
with 275 ml methanol, and for a further 24 hours with 75 ml benzene 
added. The extract was partitioned into n-pentane (125 ml, 

3 x 75 m1) and washed with distilled water (2 x 250 ml). The 
solution was evaporated to dryness and the concentrate taken up 
in 2 ml benzene-pentane (1:1). This was applied to a copper 
column and eluted with a further 20 ml of that solvent (Blumer, 
1957). The eluate was evaporated to dryness, taken up in 2 ml 
benzene-methanol (1:1) and applied to a Sephadex LH-20 column 
(1.6-cm i.d., 38-cm bed height). Elution with benzene-methanol 
was carried out at a flow rate of 6 ml/min, nitrogen (L grade) 
being used to maintain that flow. The first 50 ml of eluate 
were discarded, the second 50 ml collected and evaporated to 
dryness. The column was washed with 150 ml benzene-methanol and 
repacked after four runs. The concentrate in 1 ml n-pentane 
was applied to a column (1.2-cm i.d., alumina over silica gel, 
both 4 ml, deactivated with 3% water). The sample was eluted 
with 20 ml n-pentane, and the eluate discarded. The flask con- 
taining the concentrate was then washed with 2 ml methylene 
chloride. This was applied to the column along with 13 ml 

of the same solvent. The eluate was retained and evaporated 

to dryness. Trinitrofluorenone was added to the concentrate 

( 2 mg for open beach sediments, 5 mg for benthic sediments ) 

in 2 ml n-pentane. The solvent and a further four washings 

(2 ml each were pipetted off and discarded. Dowex 1-X2 
(100-200 mesh) anion exchange resin was converted from chloride 
to sulphite ionic form by washing with sodium sulphite. The 
resin was washed with distilled water followed by methanol, and 
the Soxhlet-extracted for 36 hours in benzene-methanol (1:1). 

A column was packed in that solvent (1.2 cm i.d., 2 ml for open 
beach sediments, 5 ml for benthic sediments). The complexed 
material and excess TNF were applied to the column in 2 ml 
benzene-methanol (1:1) and eluted with 50 ml of that solvent. 
The sample was evaporated to dryness. The sample was taken 

up in 0.5 ml methylene chloride-pentane (1:4). A small portion 
(4-8%) was transferred to a Cahn electrobalance and weighed. 
The remainder of the sample was applied to an alumina column 
(0.6-cm i.d., 5 ml, deactivated with 1% water). The sample was 
eluted with 90 ml of 4% methylene chloride in pentane followed 
by 50 ml of 15% methylene chloride in pentane. Seven fractions 
were collected (cutpoints and column efficiency shown in Table 4). 
The fractions were adjusted to 25 ml and analyzed with a Beckman 
Acta II UV spectrophotometer (10-cm silica cell). 


5.3.2.2 Recoveries of Ion Exchange Resin Columns 


The resin has a Styrene-divinylbenzene polymer lattice with 
quaternary ammonia exchange groups attached. It will partially 
degrade in the presence of sulphur-containing reducing agents 
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and should therefore be prepared just prior to use. An analysis 
of benzene-methanol run through the column should be performed 
to ensure that no UV absorbing impurities are extracted. 


Recoveries for five standards are shown to be 91-95% as 
in Table 5. Three analyses were run for each standard. TNF was 
added in a weight ration of 10:1 to the standards. 


Procedure Blank 


Two methanol-benzene blanks were run through the entire 
procedure. No UV absorbance was detected. 


Recovery of the Modified Procedure 


Three methanol-benzene blanks with five reference standards 
added were run through the entire procedure. Recoveries of the 
standards are given in Table 6. Recoveries were in all cases 
lower than those reported by Blumer and Giger. This can be 
accounted for by the large number of solvent evaporations involved 
in the method and use of a less efficient rotary evaporator tnan 
was employed by those authors. 


PAH in Marine Organisms and Sediments 


Materials 


Commercially available glass distilled iso-octane benzene 
and pentane were used without further purification. A purity 
check, however, was conducted on each new bottle prior to use 
and these solvents were redistilled if necessary. Ethanol was 
distilled three times in an all gtass still or until adequately 
pure. Methanol and acetone were distilled once. Water was 
distilled from tap water in a Barnsted still and collected 
directly in glass bottles through a glass tube. Spectrograde 
carbon disulfide was used directly from the bottle. Potassium 
hydroxide (reagent grade, Fisher P-250) was extracted with 
benzene for three to four hours in a soxhlet apparatus and dried 
at 90°C for four hours. Sodium sulfate (Mallinkrodt, AR grade) 
was treated as the potassium hydroxide, but was heated at 600°C 
for an additional seven hours. 


Florisil (60-100 mesh, Matheson, Coleman & Bell) was washed 
twice with methanol, dried at 90°C in a forced air oven for 20 
hours and heated at 600°C for six or more hours. The florisil 
was allowed to cool, washed twice again with methanol and heated 
at 90°C for 20 hours in a vacuum dessicator under reduced pressure 
(25" of Itg). This procedure provided florisil of relatively 
constant activity from batch to batch. Of greater importance, 


Compound 
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Pyrene 


Benzo[a] 
pyrene 


Perylene 
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Recovery of Standards Through Resin Column 


Recovery % 
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Recovery of Standards Through Entire Procedure 


Recovery % 
11 


42 


60 
57 


52 


Standard 


Deviation % 


6 
22 


16 
15 


16 
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moreover, the florisil obtained gave maximal recoveries of 
standard PAH, particularly perylene. 


5.3.3.2 Sample Preparation 


9.3.883 


The fish samples were either preserved in hydrocarbon-free 
formaldehyde and frozen or a frozen state and wrapped in aluminum 
foil. Each fish was defrosted and the fresh part separated for 
analysis. Organics in the fish samples were found to be leached 
out by formaldehyde. 


The sediment sample, contained in the pipe dredge, was stored 
frozen immediately after collection. Sediment samples for chemical 
analysis were sub-sampled as follows. In 1974, the sub-samples 
were taken from completely thawed sediments in the dredge originally 
stored at -55°C. In 1975, the sub-samples were taken from the 
frozen dredge material at -55°C by use of a previously solvent- 
cleaned hand-drill and ice bit. The drillings were caught on 
aluminum foil and kept frozen until analysis. 


Sample Extraction and Separation of Non-polar Hydrocarbons from PAH 


Both the sediments and the organisms (fish and plankton) 
were extracted using essentially the same procedure. Organism 
samples (generally 20-40 g) were digested at reflux temperature 
in a solution of potassium hydroxide (7 g) in 95% ethanol (150 m1) 
to which had been added an aliquot of standard containing dotri- 
acontane or hexatriacontane and perdeuterated phenanthrene, 
pyrene, chysene, 1,2 benzanthracene and perylene. Wet sediments 
(10-20 g) were treated in the same fashion. For the GC/MS analysis 
of PAH, however, it was found best to use larger amounts (about 
90 g) of sediment with the amount of deuterated standard adjusted 
proportionally. Near the end of the reflux period, 150 ml of 
water was added to the mixture. In the case of an organism 
sample, if it did not appear to be completely digested, an addi- 
tional 7 g of potasium hydroxide was added and the digestion 
carried on for a further 45 minutes. The hot organism digest was 
transferred to a separatory funnel by decanting the liquid and 
rinsing the flask with ethanol (2 x 25 ml) and iso-octane 
(2 x 100 ml). In the case of a sediment sample, the hot liquid 
phase was decanted into a separatory funnel after a brief period 
to allow the solid phase to settle. The solid material was then 
washed with vigorous agitation with ethanol (2 x 25 ml) and 
iso-octane (2 x 100 ml) and the washings were combined with the 
liquid phase. The hydrocarbons were partitioned into the iso- 
octane with vigorous shaking. Following a second partioning 
using a second 200 ml portion of iso-octane, the combined iso- 
octane extracts were washed with distilled water (3 x 150-200 ml). 
Emulsions, which formed with some sediment extracts, were broken 
satisfactorily by swirling and partial emmersion of the separa- 
tory funnel in an ultrasonic bath. The iso-octane extract was 
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concentrated at 40°C on a rotary evaporator to less than 1 ml. The 
concentrate was applied with the aid of hexane: iso-octane ea 

2 x 5 m1) to a column (4 cm i.d.) of anhydrous sodium sulfate (60 g) 
over florisil (30 g). Elution with hexane: iso-octane (1:1, 90- 
120 m1) provided a fraction containing the non-polar hydrocarbons. 
Elution with benzene (about 120 ml) provided a fraction containing 
the PAH. The amount of eluant used varied with the activity of each 
batch of florisil. Exact cut points were determined using a 
standard mixture of n-paraffins and PAH. The fraction containing 
the non-polar hydrocarbons was evaporated down and taken up 1n | 
carbon disulfide for injection in the GC. Similarly, the fraction 
containing the PAH was evaporated down and taken up in benzene for 
injection into the GC-MS. 


5.3.3.4 GC-MS Analysis of the PAH 


Two types of GC-MS (Gas chromatograph-Mass spectrometer ) 
analyses were employed using a Finnigan 3300 E GC-MS system: the 
jon-integration method and the programmable multiple-ion monitor 
(PROMIN) technique. The first method permits particular mass scan 
to be taken at various times during the GC temperature programming. 
The ion-integration trace is obtained by integrating all the frag- 
mentation peaks between particular masses, very similar in principle 
to a normal GC FID trace. 


The second method, more sensitive than the first one, employs 
a programmable multiple ion monitor which allows constant monitoring 
of specific masses throughout the run. The analytical technique has 
been developed in the Ocean Chemistry Division using a combination 
of this PROMIN technique and an isotopic dilution concept. A known 
amount of an isotopic species of the element or compound under con- 
sideration is used as a standard and the amount of the jsotopic 
species is then physically compared to that of the indigenous 
species. The amount of the indigenous species is thus calculable. 
For PAH analyses, the compound added as a standard is a fully 
deuterated analogue of the PAH being studied. The PROMIN is set to 
the values of the deuterated and non-deuterated species and these 
masses monitored throughout the GC rurFig.8 & 9), The amounts of 
deuterated and non-deuterated species at the appropriate retention 
times are then compared. 


This method has an inherent advantage over most other methods 
of PAH determination in that it compares the amount of any specific 
compound to an internal standard of that same compound. The 
standard is added at the beginning of the sample preparation and 
any losses of compound should be the same for the deuterated and 
non-deuterated. This eliminates difficulties due to preferential 
loss through workup of one component compared to another. It also 
removes all discrepancies due to differences in the response to the 
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analysis method between the compound being analyzed and the stan- 
dard. Such difficulties arise in fluorescence, UV and GC deter- 
mination where the response is obtained as the equivalent response 
of a specifiable amount of standard. In these methods, no 


correction is usually made for response differences. By GC-MS 
PROMIN isotope dilution all response and loss differences are 
accountable for and thus the values of any given compound reported 
are the actual values of that compound. 


Certain assumptions that need to be made for successful 
practical application of the above method were confirmed. The 
retention time of the deuterated PAH was found to be the same. 
A large amount of one isotopic species does not cause a peak 
of the other species, which would be due to localized pressure 
changes in the source, of more than 0.25% of its own height. 
For the values used in practice, this effect is neglible. 

This result also helped to substantiate that the observed peaks 

are not being appreciably affected by a pressure carry-through 

by large amounts of other compounds. This is important since 

some of the samples have a large number of extraneous compounds ' 
in the working faction. 


Originally, problems were experienced due to the ion 
integrator sensitivity being affected by column bleed-off in 
the OV-7 column. This was largely eliminated by replacement 
by adexsil 300 column on a silanized support. Dexsil 300 has 
a lower vapor pressure than OV-7 and silanization tended to 
reduce tailing. However, on this column the added standards 
chrysene and benzanthracene could not be separated and so for 
calculation purposes their amounts are considered additive. 


In a quadrupole mass spectrometer, the fragmentation envelope 
can be set via focusing. This is not true for a magnetic instru- 
ment where it is always constant. To reduce any difficulties 
arising from this, ionization was effected at 15 ev which gives 
least fragmentation and thus an abundance of molecular ion, and 
the machine was standardized daily for optimization of the 219 
peak of FC-43 (perfluorotributylamine). The fragmentation 
pattern becomes relatively constant via this latter procedure 
with the maximum of the envelope being set in the mass range of 
the molecular ions of the compounds being studied. 


One problem that is still causing some difficulty is that 
sample preparation via the existing procedure tends to give 
compounds that have peaks at the masses being studied for PAH. 
In some samples this extraneous envelope is considerable. 
Usually the effect of these on the compounds being studied is 
small, as the contaminant retention time is usually longer than 
that of the studied PAH (Fig. 8andg). 
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Due to the PROMIN only having four channels, it was necessary 
to inject each sample twice with the mass spectrometer The 
masses of 178°, 188° (phenanthrene d and d,,) and 202", 2145 
(pyrene d, and d,,) were used for one injectfon, with 228", 240 
(chrysene~ and ben9anthracene dy and? idy aye and 2D eseay GOm (perylene 
dy and dy) for the second. A trace L¢ each of these masses 


with respect to time was produced (Fig. 8, 9, 10 & 11). The height 
of the mass peak at the particular retention time was noted an 

the ratio of d.:d, determined, accounting for a slight percentage 
of dy in the deuterated standards. 


Analyses were carried out on a PROMIN equipped Finnigan MS 
connected to a Finnigan 9500 via a glass jet separator. The 
machine was standardized daily before use by optimization of the 
219+ of FC-43. Promin drift was checked throughout the day. 

The GC employed a 1/8" x 5' dexsil 300 on silanized Chromosorb W 
solumn, with a flow rate of He at 26 ml/min and an injector 
temperature of 9959 The column was left at 100° for the first 
two minutes after injection and then programmed at 8°/min to 
3000 where it was held. All samples under consideration came 
off during the temperature programming. 


5.3.3.5 GC Analysis of the Non-polar Hydrocarbons 


Samples were chromatographed using a Hewlett-Packard gas 
chromatograph (Model 5700) equipped with two flame ionization 
detectors. Two columns were used: a 7' x 1/8" stainless steel 
column packed with 2% OV-7 on Chromasorb W (HP), 80-100 mesh 
and a 10' x 1/8" stainless steel column packed with 12.5% FFAP 
on Chromasorb W (HP), 80-100 mesh. Helium was used as the 
carrier gas and both columns were programed from 100°C to 270°C 
at 8°C/minute. 


In the procedure reported here, hydrocarbons having the 
boiling point of hexadecane (n-C,-) or less were partially or 
completely lost through evaporation. The carbon preference 
index (CPI) for the sediment samples was calculated over the range 
n-C.. to Cr, by the method of Cooper and Bray (1963) using 
weight percentages. The odd-even predominance (OEP) function 


was evaluated for n-paraffins in the range n-C,, to n-C., Using 
the method of Scelan and Smith (1970). An average OEP Wiue was 
determined as the arithmetic mean of the individual OEP values 
for n-Coo to N-C35 inclusive. 
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Figure 8. 
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Promin traces for phenanthrene and pyrene on a sediment sample 


with deuterated standard added. (The baselines are displaced 
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Figure9. Promin traces for chrysene, benzanthracene and perylene on 
a sediment sample with deuterated standard added. (The base- 
lines are displaced from zero for ease of observation.) 
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Figure 10. Promin traces for phenanthrene and pyrene on a sediment sample 
with no deuterated standard added. (The baselines are displaced 
from zero for ease of observation.) 
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Figure 1].Promin traces for chrysene, benzanthracene and perylene 
on a sediment sample with no deuterated. standard added. 
(The baselines are displaced from zero for ease of observation.) 
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Low-Molecular Weight Hydrocarbons in Sea Water 


Experimental System 


The equipment was designed to determine trace volatile gas 
components dissolved in sea water. Since a flame-ionization 
detector-gas chromatograph was used for the determination, the 
scope of the system is limited to those gases which respond to 
this method of detection. Attention was concentrated on the 
light C,-C, hydrocarbons for the 1974 cruise, but with further 
modific tidn such compounds as benzene and toluene were determined 
for the 1975 cruise. 


The set up (Fig. 12) is much the same as that originally 
designed by Swinnerton and Linnenbom (1967 a). Two noteworthy 
modifications have been made; one affecting sample introduction, 
and the other affecting calibration. 


Principle of Operation 


Helium gas (Canadian Liquid Air, zerg grade) is passed ‘ 
through an activated charcoal trap at -78 C to remove all 
residual hydrocarbons, and then through a 6-port Whitey ball 
valve to the stripping system. Depending on the ball valve 
position, the helium can either go directly through the stripper, 
or to the top of the calibrated sample volume (950 cc). When the 
helium goes directly through the stripper, the sample volume 
may be filled from the bottom up with sea water. Turning the 
6-port valve then reroutes the helium to the top of the sample / 
volume and causes the contained sea water to enter the stripper. 
In this manner a reproducible volume of sea water can be intro- 
duced to the stripper with a minimum of handling or exposure to 
the atmosphere. The stripped gases pass through a moisture trap 
(magnesium perchlorate) and into two cold traps connected in series. 


The first, activated alumina, traps out the C, and higher molecu- 
lar weight hydrocarbons, while the second, activated charcoal, 
traps out methane. The gases are separated in this manner because 
in natural waters methane occurs at much higher concentrations 
than the other hydrocarbons (approximately 100 fold). Therefore, 
determination of the higher hydrocarbons would become obscured 

due to the massive methane peak if all gases were determined 
simultaneously. The cold traps are cooled to -78 °C (acetone-- 

dry ice) during the stripping operation, and are heated to 90°C 
prior to backflushing into the chromatograph. Two 6-port Carle 
valves have been used to allow each of the traps to be backflushed 
independently. 
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Two additional Carle valves have been included in the system 
to facilitate calibration. A 4-port Carle valve has been so 
arranged that the calibration portion may be bypassed. An 8-port 
valve has been connected as shown in Figure 13. Two loops of 
known volume are connected so that they can be evacuated via the 
vacuum system. A sample of calibration gas can then be introduced 
to one of the calibration loops, and the pressure measured on the 
Heise guage (0-1000 millibar). Wath the helium strip gas flowing, 
and the cold traps in place, a 90 turn of the 8-port valve intro- 
duces the calibration gas into the flow and allows it to be trapped 
out, and subsequently determined on the chromatograph. The two 
calibrated volumes, and the Heise guage together allow a 10,000 
fold range in the amount of calibration gas to be introduced. 

With the correct choice of hydrocarbon concentration in the cali- 
bration gas, variations in natural levels will occur within the 
calibration range. In any event, the flame-ionization detector 
should be linear over seven orders of magnitude, so that good 
estimates are also possible for particularly high levels which 
lie outside the calibration range. 


Before any sampling can be done, a blank on the equipment } 
itself must be run. To do this all the normal stripping procedures 

are followed except that no sample is admitted. The helium strip 
gas is trapped and injection of the trapped sample into the 
chromatograph takes place as usual. 


Blanks were run every day to insure that the stripping system 

was contamination free. Unusual results were also followed by a 
check blank. Based on the calibration curves (Fig.14 ) and the 
reported accuracy of the standards, 95% confidence Yee for 
the various Rate eas ae i CH,--2.82%, C oH --6.7%, C Hy --4,2%, 

H,--6.8%, C.H---4.7%, ~-34%. These enPervals refer to the 
mos € rs babes eet reel 9 aioe levels would have a lower 
percentage of uncertainty, whereas unusually low values would 
have a higher percentage of uncertainty. Duplicate analyses in 
the field and in the laboratory indicate that these confidence 
intervals are reasonable. 


5.3.4.3 Problems 


: The largest problem encountered was that of obtaining a good 
blank. Although the light hydrocarbons purged very easily from 
the system, solvents such as methanol dichloromethane , chloroform 
and carbon tetrachloride adsorbed on the glass portions and were 
impossible to remove by purging with helium. At high attenuations 
these might not have caused any problems; but since the most 

, sensitive (lowest ) ranges and attenuations were necessary for the 
and higher hydrocarbons, traces of these solvents could not be 
t6lerated. In general, they eluted as very broad peaks with high 
retention times; and therefore, although they did not interfere 
with the initial sample, caused great difficulty and obscured the 
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Figure 13. Details of Calibration System 
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results of following analyses. It was discovered that these 
persistent solvents could only be removed by baking all the glass- 
ware at 300°C overnight with a purge gas constantly flowing. 
Although this problem and how to cope with it was originally dis- 
covered before the cruise, it recurred during the cruise because 
the glass Blumer inserts (5 litre) had been washed with some of 
these solvents. It is imperative, therefore, to scrupulously 
avoid the use of these solvents (particularly where they might 
come into contact with glass) for any of the C,-C, equipment. 

Not only can they cause problems in the analysis, but there is 

a possibility that they could affect the samples. These absorbed 
solvents could remove some of the light hydrocarbons from samples 
with high hydrocarbon levels and reintroduce them into samples 
with lower hydrocarbon levels. 


It was also found that the lifetime of the activated charcoal 
trap at the beginning of the helium line was limited, and that 
after approximately three days, some lighter hydrocarbons would 
show up in the blanks. This problem was removed by reactivating 
the trap. Heating the trap to 300°C with helium flow was adequate. 
Samples were not run until satisfactory blanks were obtained. 

These were usually zero, or less than 1% of the normally detected 
levels. 


Experimenta | 


Through experimentation it was found that with a helium 
pressure of 15 psi on the regulator and a flow rate of 50 ml/min 
measured at the exit, 45 minutes was more than adequate to strip 
the sample of light hydrocarbons. Second strips of the same 
sample for an additional 45 minutes gave levels comparable with 
the blanks. Although this procedure was certainly good for the 
C | ceiathtea ie some revision might be necessary for benzene 

uene. 


For calibrations a slightly different procedure was followed 
to save time. The calibration volume was pumped out for five 
minutes, and the calibration gas was introduced and allowed to 
equilibrate for at least two minutes. After the traps were cold 


the helium gas was allowed to flow by opening the toggle valves. 
The calibration gas was injected into the flow and after three 
minutes the toggle valves were closed. This time was more than 
adequate to allow all the gases to be trapped out. Additional 

time could be saved by pumping out and preparing the next calibra- 
tion while the analysis of the first calibration was taking 

place. In Table 7 are presented the calibration data for the 
Beaufort Sea Cruise. It was found that the response of the 
equipment remained constant over the whole cruise, and that all 

the calibrations could be treated as a single linear plot for 

each gas. The relative response factor shown in Table 7 is 

based on the slope of the linear least squares fit and is normalized 
to propane = 3. Since the F.I.D. is essentially a carbon counter, 
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TABLE 7 


Linear Least Mean Squares Calibration Parameters 


| 


one expects that ethane and ethylene will be approximately 2, 
methane 1, and butane 4 (David, 1974). Allowance has been made 
for concentration of the hydrocarbon in the calibration gas and 
the attenuation. The concentrations of hydrocarbons in the 


calibration gases are reported in Table 8. (These standards 

were obtained from Matheson of Canada Ltd.). In Table 7, 95% 
confidence intervals are provided on slope and intercept, and 

the data was correlated as Pressure = a + Db area, where pressure 
refers to the pressure of the calibration gas in the calibration 
loop (9.88 cc) and area refers to the area under the peak. 
Peak areas were found to be the only reliable method of analyzing 
the data. Peak height varied with trapping time, temperature, 
and any slight variations in procedure while peak area did not. 


Sea water samples were obtained in a 5 litre glass bottle 
(Blumer insert). To introduce the sample into the calibrated 
volume an arrangement shown in Figure 6 was used. Pressure was 
applied to the top of the 5 litre bottle (20 psi) with the aid 
of "Gelman" pump. This caused the sea water to flow up through 
the central 1/8" stainless steel tube and through the filter 
holder. Samples were filtered here to avoid the possibility of 
later clogging the coarse glass frit in the bottom of the stripper. 
Generally, GF/A filters were used, although any fiberglass filter 
finer than the frit would suffice. These filters became clogged 
rapidly when some of the surface Beaufort Sea water was sampled 
where there was a high sediment content. The filters could, 
however, be changed very quickly between samples without disturb- 
ing the system. The sample volume (950 cc) was rinsed out by 
allowing the first 900 cc of sea water to overflow. The Whitey 
ball valve was then switched causing the sample to enter the 
stripper. - The pressure relief valve was opened at the top of 
the stripper to allow the excess helium already in the stripper 
to exit. When the sea water in the sample volume reached a level 
of 2" above the bottom, the pressure relief valve was closed and 
the two trap isolation toggle valves were opened to allow helium 
to flow through the system. A small dewar with a methanol-dry 
ice slurry had previously been placed over the traps allowing 
them to approach the temperature of the slurry. As soon as 
bubbles started to come up through the frit a stop watch was 
started and after 45 minutes the trap isolation toggle yalyes 


were closed to stop helium flow. A dewar filled with 90°+ hot 
water was placed on the activated charcoal trap for 30 seconds 
at which time the trapped out sample was injected into the 
chromatograph. (Before heating the traps, the chromatograph 
was checked to insure correct attenuation, that the baseline 
was zeroed, and that there were no problems of noise or drift.) 
The same procedure was followed later with the alumina trap 
after the methane had eluted from the column and the pen had 
returned to zero. In general, the majority of the Beaufort Sea 
samples could be handled by operating the gas chromatograph on 
attenuation 40 for methane and attenuation 1 for the higher 
molecular weight hydrocarbons. 
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TABLE 8 


Concentration of Hydrocarbons in Calibration Standards 


Gas Concentration mv 

CHa 100 + 1 

CoHe 0.90 + .02 

CoHy 0388 xed. 02 
CoH 0.83 + .02 ! 
CoH. Oa83 20302 

nCgHig 0.85 + .02 
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5.3.4.5 Chromatographic Parameters 


The three zero grade gases:air, H and N, were used to 
operate the chromatograph. The pressures and flow of these 
gases are given in Table 9. A moisture trap (supplied by 
Hewlett-Packard) was placed on the air line and the Nitrogen 
line and a .7u brass filter was added to each of the three 
gas lines just before the connection ports on the back of the 
chromatograph. Methane was determined on a 4' silica gel 
column (1/8" diameter) while the C,-C, hydrocarbons were 
determined on an 18' Durapak - phehy12isocyanate column 
(1/8" diameter). Both columns werg operated at slightly above 
room temperature (approximately 30-0) 


5.3.4.6 Computing Gas Concentration 


T = 298°C Room Temperature 

R = 83.14 cc bar/-C gm mole (gas constant) 

Vo5= 9.88 cc (calibration volume) 

v“= 950 cc (sampler volume) 

P = pressure in bars 

C = concentration of calibration gas (Table 2) in ppmv 
n = moles/litre sample 

: = linear least squares parameters (Table 1) 

A = measured area of hydrocarbon 

m = volume of gas in nanolitres (STP)/1 


for any hydrocarbon whose area is A, 


_ (atbA) bars x C 
P = “7000 T0° 


ose (atbA) bars x V5 6o.x% C 


= “1000 Toe 


RT X V 
1000 
; eiatbA ex V5 x26 
m nanolitres/1 oS (ieee ae Tne re rt 
LR 
1000 


= (atbA) x 9.40 x 10° x 
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TABLE 9 


Chromatograph Operating Parameters 


Pressure Flow Rate 
24 psi 240 ml/min 
15 psi 30 ml/min 
50 psi 25 ml/min 


1 


6. 


he 
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RESULTS 
6.1) Polyeyclic Aromatics Hydrocarbons in Sea Water 


or 


Ga 


6.4 


Oreo 


Some of the results of PAH in sea water suspended matter are 
shown in Tables 10, 11 and 12. 


Polycyclic Aromatic Hydrocarbons in Marine Organisms, Surface 


Sediments and Nearshore Sediments 


Some of the results of PAH as determined by GC/MS are shown in 
Table 13 (Fish samples), Table 14 (Surface sediment samples, 1974) 
and Table 15 (Surface sediment samples, 1975). PAH in nearshore 
sediments as determined by the fluorescent technique are shown in 
Table 16. 


Low-Molecular Weight Hydrocarbons in Sea Water 


Results of LMW hydrocarbons are shown in Table 17 (C,-C, Hydro- 
carbons, 1974) and Table 18 (C,-C,, Hydrocarbons, 1975). 


Tarballs and Plastics 


Four neuston-net tows were made in 1974 and 17 in 1975. The 
locations of these tows are shown in Figure 15. No tar or plastics 
were found in 1974. In 1975, only one piece of styrofoam was found 
in one tow, and very small black pieces 0.1-2 mm in diameter occurred 
in 11 of the 17 tows. Tentatively, these black pieces, numbered ten 
to several hundreds per sample, were seeds, ash, dark terrestrial 
detritus, bark fragments, flying insects and occasionally what 
appeared to be tar specks. However, these tar-like material would 
not dissolve in carbon disulphide indicating their non-petroleum 
based characteristics. Even if the tar-like material was indeed 
tarballs, the concentration is less than 0.001 mg/m2 or probably zero. 


Non-polar Hydrocarbons in Fish, Mixed Plankton and Sediments 


The results for non-polar hydrocarbons in fish samples in 


Ue ery aoe eon Sea are shown in Table 20 and sediments in 


DISCUSSION 


To assess the present state of the marine environment in the 
Southern Beaufort Sea with respect to petroleum pollution is a 
very difficult task. The levels of hydrocarbons are very low. 
There are few analytical methods available to detect such minute 
quantities in the marine environment. The sampling problem 
presents another great hurdle to getting reliable results such 
as the severe contamination which could result from the ship's 
exhaust and machine oils. Storage of samples collected without 
deterioration is another constraint. There is also the dilema 


5] 


Storage and Preservation of PAH Concentrations in Sea Water 


TABLE 10 


The Effect of Time and Type of Poison on PAH Concentrations 


Sample} Preservative AH Conc. (ng/1%) in Sea Water 


No. Used At PAH Adsorbed (ng/1°) 

Storage On 

Time container 
] 8 
9 7 
3 14 
4 13 
5 8 
6 9 
7 / | 
8 2 
9 ] 


Se OO ee ee 


“These nine samples were collected just off Herschell Island at 
69°44'N, 38°40'W. Four successive bucket casts were made over 
as short a time as possible. 


Pchrysene equivalents. 
CTime elapsed between collection and analysis of samples 
danalyses were performed on 0.5 1 instead of customary haope die 


fcome sediment was present in water sample. 


Hf 


Not determined. 
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TABLE 11 


PAH Concentrations in Mackenzie Bay Sea Water 


Station | Sample No. | Depth (m) | Salinity(°/oo) | PAH Conc. (ng/1°) 


In Water i; On Container 
3.0 | 24, 322 i 
30.0 39, 44 18 B 
4.3 45, 59 Neds 
Ae 32 aL n.d. 
3125 iiz3, 22 12 
3145 214, 6 
3.9 1 dees 5 
3.9 1418, 28 nad: 
ra Bs: 125, 26 n.d. 
27.8 9, 13 n.d 


achrysene equivalents. 


Pouplicate analysis. 


CNot determined. 


a3 


TABLE 12 


PAH Concentrations Associated with Particulate Matter in 1974 and 1975 


Average Conc. mg/1 of Average Conc. of PAH on 
Year Particulate Matter Particulate Matter 
Sea Water Particulate Matter 
ng/1 ng/mg 
1974 31 140 5 


#975 ] 85 92 
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TABLE 13 


Some PAH Compounds in Southern Beaufort Sea Fish 


Type of Fish 


Pomfret 

Least Cisco 
Least Cisco # 20 
Least Cisco # 1 
Least Cisco # 2 
Aretic Gisco 


Arctic Cisco 


Condition 


Frozen 
Frozen 
Frozen 
Frozen 
Frozen 
Frozen 


Frozen 


Amounts of Analyzed Material 


(ug/Kg wet weight) 


202° 228 
1.26 

3.6 5.1 
Aik ae 
Oa” hee 
1.1 4.3 
2.3 10 
grt Mo ey 


252" 


8 


Some PAH Compounds in Southern Beaufort Sea Surface Sediments 


Stn Sed. 
No. (No. Depth (m) 

1 ] 48 
2 2 30 
11 3 64 
12 4 8] 
13 5 19] 
17 6 66 
19 7 42 
20 8 70 
23 9 15 
ae 10 i 
25 1] 65 
28 lz 43 
ch 13 7 
4] 14 11 
42 ro 19 
44 16 13 
48 17 33 
54 18 5] 


* small recovery of PAH 


TABLE 14 


(1974 Cruise) 


Type of Sample 
Mud 

Clay mud 

Mud 

Hard clay 


Hard clay 


Clay 


Sand, clay 
Clay 

Mud, clay 

Mud, clay 

Mud 


Amounts of analyzed material 


178" 


68 
165* 
ahd 
if 
77 
83 
76 
142 
192 
114 
119 
134 
B0% 


149 


(ug/Kg wet weight) 


202" 
58 

1 
34 
4) 

148 
og 
27 
30 
20 
40 
30 
a 
ao 
9/ 
66 
66 
LOX 
a 


228° 
61 
a 
143 
135 
136 
60 
72 
103 
42 
6] 
118 
196 
166 
144 
197 
146 
CRE 
SH 


252" 
96 
59 

220 

320 

305 

285 

182 

269 

15] 

182 

307 

are 

418 

200 

402 

638 

168* 

420 


Total 
283 
236 
423 
565 
657 
567 
363 
483 
290 
366 
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138 


@ Tows (1975) 


A Tows (1974) 


OTH Beach Surveys 


BEAUFORT 


Figure 15. Locations of Neuston-net Tows for Surface Floating Tar and 
Plastics: 


Fish 


Arctic Cisco | 


Arctic. Gisco 


Arctic Cisco | 
Arctic Cisco | 


Least Cisco 

Least Cisco 

Least Cisco 

Arctic Cisco 
GEsCote 


Salmon> 


Tuna? 


* Wet weight 


** This sample consisted of many small fingerlings. 
type of Cisco was not made. 
Caught at Ocean Weather Station P and included for comparison purposes. 
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TABLE 19. 


Non-polar Hydrocarbons in Southern Beaufort Sea 


Fish Samples 


| Sample Preserved | Hydrocarbon Conc. 
No. State | Unresolved | Total | 


Frozen 


Frozen 


Frozen 
Frozen 
Frozen 
Frozen 


Frozen 


Formalin { 


Formalin | 
] Frozen .14 
] Frozen 4 


of fish flesh. 


34. 
24. 
66. 
5 ap 
30. 
30. 
ons 
54. 
43. 
1S; 
Re 


% Unresolved 


OF. Cn 1c — &- to — OF Cig — 
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TABLE 2] 


Non-polar Hydrocarbons in Southern Beaufort Sea Sediments 
(1974 Cruise) 


Sediment No. 3 6 if 8 10 tia 12 


Station No. 1] 17 19 20 23 fib 28 
n-Cy5 1,03" 0.26% 0.44! 0.729 0.970 0.66 9p94 
n-Ci. 1s 0.40 0.49 0.66 0.32 0.8] 0.74 
N-Cr 9 En 0.60 1.56 1.42 0.44 0.97 0.75 
N-Coo 0.95 0.49 0.50 0.82 0.36 0.82 0.63 
n-Co4 1.20 ers 0.69 1.61 0.54 Inz2e Os 
N-Coo 0.86 0.59 (ey Oi kea}s, OL.37 0.93 0.58 
n-Co3 1.07 0.99 0.71 0.74 0.54 1.43 0.74 
2 n-Coy 0.59 Gast 0.41 0.26 0.28 0.78 0.47 
c n-Co. 0.98 1.20 0.75 0.82 0.93 1.66 Ord 7 
S N-Co¢ 0.91 0.43 0.31 Ovi O42 0.63 0.37 
n-Co7 1.06 | Ray's 1 os 0.50 1203 2.14 1.06 
N-Co. Oeou BPR 56: Ose 0.17 Ona 0.49 0.25 
n-Cog 1 el ice: Dale le 0.61 1.17 2.43 0.86 : 
n-C2 Care 0.20 Ube bs Oe OMS 0.28 0.14 : 
n-C3, 1202 1.94 1.01 heur 1220 1.89 0.68 
n-C35 0.13 Ory 0.08 Pal 0.06 0.07 0.11 
pristane 1.00 0.29 0.44 2.79 OM 0.63 0.73 
phytane 0.66 0525 Ora Osa 0.20 0.48 0.5] 
mrn-paraffins 13.1 Tees 9.1] 10.3 8.0 FR G.6 
unresolved 
hydrocarbons 78.9 42.1 36.48 ~~126.1 34.8 71.4 37.9 
total 
hydrocarbons 93.7 3) pa LOR payer: 43.2 89.7 48.7 
pristane/ 
phytane Boot 1.26 1.41 1.39 O.79 eget) AZ 
2 n-C,./ 
= priffane Wiss too. 100. 0.91 13 Wenseeete 
& Aici./ 
phyt¥ne eee ey ae ste 1.16 hlebOo itGo me ee 


411 numbers except ratios are in units of ug/g (dry weight). 
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Table 21 (cont'd) 


i OS eee ee 
Sediment No. 13 14 15 16 Ly 18 19 
Station No. 35 4] 42 44 48 58 60 


n-C,4 0; 51 0.07 Cade 0.82 0.01 1.42 0.39 
n-Cy. 0.85 1.24 0.73 0.88 0.07 1.46 0:53 
n-Cy9 T.09 1.338 0.76 lize 0.19 1,70 0.60 
N-Coq 1.00 a5 0.65 Boke 0.17 i¢d3 Uwe 
n-Co, la 1.20 O.d2 Teal 0.24 eve 0.61 
n-Co» 0.97 Lao 0.60 0.89 OAL? fe 0.48 
n-C53 bagz 1.28 0.70 1.45 Cee 1.38 0.61 
n-Coy 0.78 0.81 0.49 0.61 0.14 0.89 C.38 
e n-Cor Lagh2 1.26 0.441 0.93 0.26 Liae oe, 
= n=Co¢ 0.59 0.62 0.39 0.42 0) ya On 74 0.29 
i n-Co4 1.40 13g8b 0.87 0.99 0.27 1.44 0.66 
i n-Coe 0.44 0.39 O'ne7 0.28 0.10 0.50 0.20 
n-Cog 1.15 Lly 0.78 0.7 / 0.20 1.42 ie 
n-C34 0.20 0.20 0.18 O13 0.09 0.35 tp 
n-C3, 0.81 0.85 0.53 0.64 0.22 1,903 0.56 
n-C35 0.14 0.16 0.10 0.00 Oe 0.17 0.07 
pristane 0253 0.70 0.70 0.84 0.01 ee Ese TS 
phytane 0.56 0.82 0.50 1.63 0.03 0.9] 0.20 
rn-paraffins 13.3 15:2 9.2 vies 2.6 18.0 Pion 
unresolved 
hydrocarbons 97.6 82.9 52. & get 50.3 To et bio fd 
total 


_ hydrocarbons 2. 


pristane/ 

phytane Oe 
i n-C,-/ 
= prigtane 0. 
Cc 

n-C 
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TABLE 22. Non-polar Hydrocarbons in Southern Beaufort Sea Sediments 
(1975 Cruise). 


Sediment No. ] 2 4 8 10 1] 14 18 
Station No. 08 09 i 22 27 30 36 38 
n-C,5 0.937 0.91 0.85 0.60 O27 0.81 Ovsgar 0,11 
n-Ci. 0.95 O.ae- 0.69 . 0.61 Oaae 0.61 0.35: 0.69 
n-Cyg Ugo. ‘U.e0. (1.02. 0.76 0.53 O77 0.687 0.69 
N-Co9 0.84 0.71 Olio 9 0S54 aor 0.62 O.308 . U.54 
n-Ca,. 0.89 0.79 0.91 0.68 0.49 0.68 0.548 0:60 
n-Coo 0.79 0.62 0.67" 0.48 0735 G..52 0.3o8 U.5) 
n-C,3 O90, “Usol. Os77.). 0558 0.42 0.67 0.40 0.63 
n-Coa U.o1 -0,52 0.54 0.40 0.28 0.45 0.26 0.41 
n-Co,. Uno 786, 0.868 0.67 0.93 0.70 0.5] 0.66 : 
}e n-Co¢ Woo “0.83, ~0:46" “0.43 0.25 UesG 0.238 0,33 
pe n-Co7 ivke- =tale.) 0269 60.745 soy. 0.88 O.Ge 0.38 : 
| = n-Co. Poo Oo ~ Ueoe ) U.co 0.19 0.34 0.383" 0-23 | 
+ N-Cyg wood kabo, O.9o.. OLoe 0.65 0.73 0.893" 1.72 
n-C35 Je Oee5, “O25. -OoZ) 0.16 CEB ES) 0.41 Boba 
n-C2, Uc70: 0.89 0.69 0.36 0.51 O55 GO, SvEe U5 Si ) 
n-C25 Gols sible Osror, “O50? 0.06 0.10 0.34 0.07 
pristane G.3>. M589. 0.92 0-70 0.29 0.70 0.47 0.67 
phytane O.63s. (Usoe. COs4s7 — 0.35 O23 0.59 Ort) 0.45 
yn-paraffins 11.8 11.1 10.9 8.1] 6.0 8.9 Len 8.4 
unresolved 
hydrocarbons 66.1 bie GOs, oil 41.7 48.2 300d 54.7 
total 
hydrocarbons*-79:5——70-5- — 80-4623 48.3 58.5 45.9 64.1 
pristane/ 
phytane leoies) by.69" il.go, Lege ee 1azg Pa! palit 
Oo n-C,-,/ 
5 prifane 007 f.d2 1.00" 0.85°" 0.93°° 1:07. WR 79 ae 
c n-C,./ 
phytine Ts) 1/63 1.89 1.787’ 1.6P°) 3.69 ~~ RPRgS oc; 


2 A11 numbers except ratios are in units of ug/g (dry weight). 
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of getting the right number and types of samples to produce a 
meaningful evaluation of the state of the environment. For this 
study, sampling methods, chemical detecting techniques and clean- 
liness of the analytical laboratory have all had to be pushed to 
the limits of the state of the art. 


To establish the present levels of petroleum hydrocarbons 
for an assessment of the future change resulting from drilling 
activities, some chemical indicators of environmental contamina- 
tion with respect to petroleum have to be established. Certain 
criteria are necessary, in order to complete the program within 
the time and resources constraints imposed by the situation: 


(1) They must be measureable by existing chemical 
techniques with minimum modification of the 
procedures. 


(2) Reliable sampling techniques should be avail- 
able for these indicators. 


(3) Their distributions should be definitive in 
tracking down future environmental changes by 
petroleum contamination, should it happen. 


The indicators thus selected are low-molecular weight hydro- 
carbons, in particular methane (CH,), ethane (C He)» propane 
(CH ) and benzene (C-H-) in sea water, aliphat¢c hydrocarbons 
in sa water, and pol$cPclic aromatic hydrocarbons (PAH), in 
particular chrysene, pyrene, benzanthracene, benzpyrene and 
perylene, in sea water, marine organisms and surface sediments. 
Interpretation of the results obtained is not simple since 
some of these compounds have to be measured, not as a single 
chemical, but as a group of compounds, due to limitations of the 
separation or detection techniques. The variability of natural 
hydrocarbons poses another obstacle. Some of these compounds 
may be present both in petroleum and in the natural marine 
environment and some may interfere with the chemical detecting 
technique for petroleum hydrocarbons. Thus, great care has to 
be exerted in deriving any conclusion on the present baseline 
levels. 


PAH in the Marine Environment 


PAH has significant implication for petroleum pollution. 
It has been established to be carcinogenic (ZoBell, 1971; 
Andelman and Snodgrass, 1974). In crude 011, PAH usually occurs 
in quantities much less than 0.1% but on pyrolysis, its 
quantities can be increased greatly. Benzpyrene (BP) is the 
commonly measured PAH and the background value is of the order 
10-100 ng BP/1 in surface freshwater in remote areas (I1'nitskii 
et al., 1971). In sea water, PAH may come from petroleum 
pollution as well as from natural sources. It is a pyrolysis 


ve 


Le 


product of organic compounds; e.g., from the fuel combustion 1n 
heating, transport or industrial machinery. In nature, PAH may 

be synthesized by plants, bacteria, soil micro-organisms and 
phytoplanktons. Ina special situation, such as the Clipperton 
Atoll Lagoon,which is a small closed system with high productivity, 
up to 4000 ng BP/1 was observed due to accumulation of minute 
production of BP by phytoplankton and bacteria. The level and 

fate of PAH in the marine environment and especially in the 

Arctic has not been fully studied. 


PAH in Sea Water 


As discussed earlier in 5.3.1, the fluorescent extractable 
compounds (FEC) in sea water may be a combination of both PAH 
and non-PAH compounds. The levels of FEC in the Southern Beaufort 
Sea, as shown in Figure 16A, vary between 28 ng/1 and 184 ng/1, 
expressed in chrysene equivalents. The concentrations of PAH, 
as shown in Figure 16B, vary between 14 ng/1 and 45 ng/1. 

Both the PAH and FEC in sea water vary inversely with salinity 
showing high values at low salinities and vice versa. 

PAH accounts for about one-third of the fluorescence in the 
material extracted from sea water by methylene chloride, as 
indicated in Figure 16. A similar relationship was observed 

in sea water at ocean weathership station "P" (50°N, 145°W) 

in the Northeastern Pacific Ocean (Cretney and Wong, 1974), 
where 39 ng/1 of FEC and_.16 ng/1 of PAH were found in the surface 
sea water of salinity 32°/o0. For the deeper shelf water in 
Southern Beaufort Sea with salinity close to 32°/00, FEC amounts 
to an average of 50 ng/1 and PAH 16 ng/1. The variation of 

PAH with salinity for nearshore stations is shown in Figure 17 
and for offshore stations in Figure 18. PAH in nearshore waters 
shows much greater fluctuations than in the deeper offshore 
waters. The deeper shelf water with maximum salinity is oceanic 
in origin while the shallower waters with higher PAH or FEC are 
influenced by freshwater from the Mackenzie River. The deeper 
waters appear to have a minimum PAH burden at a level of about 
16 ng/1 in common with levels in surface waters at ocean weather 
station P in an area considered to be cleanest in the Pacific 
Ocean (Wong et al., 1976, in press). Future measurements of PAH 
in the deeper shelf waters of the Southern Beaufort Sea should 


provide a good chance of observing environmental changes 
resulting from drilling activities because of the more 

pristine state in the deeper waters relative to the surface 
waters which have wide fluctuations in PAH due to the Mackenzie 
River input. 


The inverse relationship between PAH or FEC with salinity 
cannot be explained by the possibility of a small chemical 
extraction efficiency of PAH from sea water at higher salinity. 
Indeed, due to a "salting out" effect, the chemical extraction 
efficiency of non-polar materials such as PAH should increase 
with increasina ionic strength; i.e., with increasing salinity. 


4a 


150 


100 


50 


10 15 23 30 35 


20 
Salinity (0/00) 
Figure 16. A. Levels of Fluorescent Extractable Compounds 

(FEC) versus Salinity. 
B. Levels of Polycyclic Aromatic Hydrocarbons 
(PAH) versus Salinity. 
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Figure 17. Variation of PAH with Salinity for Nearshore 
Stations. 
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Figure 18. Variation of PAH with Salinity for Offshore 
Stations. 
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In the observations, however, the lower salinity waters have 
a higher burden of FEC or PAH than the more saline waters. 


The occurrence of higher FEC or PAH in sea water with 
lower salinity can be attributed to several reasons: (i) supply 
of FEC and/or PAH from terrestrial sources, being carried into 
the Southern Beaufort Sea by Mackenzie River, (ii) in-situ pro- 
duction of FEC and/or PAH by marine organisms, (iii) atmospheric 
input from smokes produced by forest fires and underground com- 
bustion, such as in the Smoking Hills area east of the Tuktoyaktuk 
Peninsula, (iv) more rapid exchange of FEC and/or PAH with sur- 
face sediment in shallower waters. 


The first source of FEC and/or PAH from terrestrial contri- 
butions via Mackenzie River was indicated by some qualitative 
evidence. Studies of the hydrocarbons in the sediments of the 
Southern Beaufort Sea (Peake et al., 1972; Wong et al., unpub- 
lished data) show the presence of paraffinic hydrocarbons of 
terrestrial plant origin brought to the shelf area by the 
Mackenzie River. Production of PAH by plants and microorganisms 
was observed in pristine, non-industrial and terrestrial areas, 
further confirmed by laboratory experiments (Borneff et al., 1968) 
and in forest soils (Mallet and Tissler, 1970). The drainage 
basins of the Mackenzie River through forested land and tundra 
soil could contribute greatly to the natural hydrocarbons as 
FEC or PAH. Mackenzie River also flows through regions with 
known fossil fuel deposits such as the Athabasca tar sand region 
and Norman Well natural seepage area. However, pending further 
study of the river burden of petroleum hydrocarbons or FEC, the 
magnitude of the river input of FEC and/or PAH cannot be assessed. 


The second source is production by marine phytoplankton 
and bacteria. Bacterial production of PAH was summarized in 
detail by ZoBell (1971). Production of benzjajpyrene by marine 
phytoplankton cultivated in vitro was observed by Niaussat, 
Mallet and Ottenwaelder (1969). BP was found in the Atlantic 
phytoplankton and in the Greenland to Gascony Gulf regions 
(De Lima-Zanghi, 1968) and in a tropical atoll in the Pacific 
Ocean (Mallet, 1971). The occurrence of the high level up to 
4000 ng BP/1 in a remote marine environment away from industrial 


source suggested natural production of PAH compounds and this 
was confirmed to be biosynthesized (Niaussat, 1970; Nuaussat, 
Ehrhardt and Ottenwaelder,1968; and Niaussat, Mallet and 
Ottenwaelder, 1969). However, this lagoon was essentially a 
closed system with high organic production due to high tempera- 
tures in the tropics. In the cold Southern Beaufort Sea shelf 
waters, the productivity is considered to be low and the system 
is open. Thus, although no quantitative data is available, it 
is suggested that the in-situ production of PAH and/or FEC is 
unlikely to be significant in a cold and unproductive environ- 
ment. 


ie 


76 


The third source is the production by the pyrolysis of 
natural or industrial carbon compounds. The combustion of 
fossil fuels, refuse and industrial organic compounds may lead 
to PAH production (ZoBell, 1971; Andelman and Snodgrass, 1974). 
Combustion yields about 675 wg PAH/kg of gasoline (Hoffman and 
Wynder, 1968). Burning of fuel oi] and crude oil produces 
variable amounts of PAH with an average of about 1000 ug BaP/kg 
of crude oil (ZoBell, 1971). Since existing traffic in the 
Southern Beaufort Sea is light and the population small, present 
anthropogenic input from fuel combustion is probably insignifi- 
cant. The other pyrolytic source is forest fires or grass fires, 
possibly at a rate of 0.165-5/70 ug Bra]P/kg of organic carbon 
burned (ZoBell, 1971). In 1975, forest fires in the Yukon and 
N.W.T. have devastated 1,377,170 acres of vegetation (J. Lee, 
private communication). Based on a figure of 9 kg C/m@ of plant 
biomass for a boreal forest (Whittaker and Likens, 1973) and an 
assumption of 0.02 g B[a]P/ton of coal burned (ZoBell, 1971) 
about 50 kg of Bfa]P would be produced per year. Assuming a 
BaP to PAH ratio of 1:10, the total PAH is about 500 kg/year. 
The shelf waters of the Southern Beaufort Sea, based on an 
ice-free area of 105,000 km@ i 1975 (Marko, private communica- 
tion) have a volume of 5 x 10'% litres. Taking an uppper limit 
of 107’ g PAH/kg of_sea water in Beaufort Sea, PAH amounts to 
5 x 108 g or 5 x 10° kg. Thus, PAH produced by forest fire is 
hardly a significant contribution. Underground combustion has 
an unknown magnitude of PAH contribution, but if leakage into 
the atmosphere is insignificant, it is not expected to be a 
major budget term. 


The last source, exchange with surface marine sediment in 
shallower waters, is unlikely to be large. In fact, clays tend 
to remove hydrocarbons from sea water (Meyers, 1972) and shallow 
surface sediments would more likely be a sink, rather than a 
source, for PAH. 


Polycyclic Aromatic Hydrocarbons in Marine Organisms 


A total of seven fish samples from the Southern Beaufort 
Sea area are shown in Table 13. The data are reported on a 
wet weight basis for the flesh of a frozen sample with the skin, 
bones and guts discarded. Formalin-preserved samples seemed 
to have leaching problems and were discarded. A comparison of 
the general range of PAH in the Southern Beaufort Sea fish and 
PAH or BP values for marine organisms obtained in other parts 
of the world is made in Table 23. 


The PAH levels of 178°, 202°, 276° and total PAH (defined 
as the sum of the four numbers) for the fish samples in the 
Southern Beaufort Sea appear to be less than or comparable to 
the values for samples in the N. E. Pacific Ocean, generally 
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considered to be clean with respect to hydrocarbon pollution. 
The total PAH for fish in the Southern Beaufort Sea averaged 

to 21 ug/kg wet weight with values ranging from 9 to 31 wg/kg 
wet weight. The Pacific salmon and tuna have values of 20, 82 
and 184 ug/kg wet weight. However, the species of fish collected 
in the Arctic and in the Pacific are different. Even within 

the same species, biological variability may contribute con- 
siderably to the difference observed in the same area. This 
variability can be the result of age, species, food habits or 
availability and migration. In Table 23 this may be illustrated 
in the case of benzpyrene (BP) for fish, oysters or mussels 
from various parts of the world. The upper limit of BP tends 

to be much higher by a factor of 100 in the case of chronic 
pollution and by a factor of 10,000 in case of an oil spill. 
Dunn and Stich (1975) obtained values for B[a]P at about 

2 uwg/kg wet weight for mussels on rocks 25-550 mdistance from wharf 
structures in B. C. coastal waters. Thus, the BP contents in 
fish, molluscs and mussels of the Arctic Ocean and Greenland 

Sea are considered to be rather high, if there is no contamina- 
tion problem in the sampling and analysis. The Beaufort Sea 
data on fish samples cannot be compared directly with the 
Arctic Ocean and Greenland Sea data since different compounds 
were Studied. 


PAH in Marine Sediments 


The PAH data in marine sediments (from Table 14, 15 and 16) 
are summarized in Table 24, which also includes published results 
from other oceanic areas for comparison. PAH in marine sediments 
shows considerable variability within the same geographic 1loca- 
tion. This variability can be a factor of 10 or more. In the 
case of BaP, as summarized by ZoBell (1971), it may vary between 
nil to 3,400 ug/kg of sediment. Giger and Blumer (1974) did 
extensive identification work on nearshore sediments in Buzzards 
Bay, Massachusetts, U. S. A. Their work showed the high com- 
plexity of PAH in these nearshore sediments. Their chromatographic 
work from both A and B stations suggested contamination by diesel 
fuel, especially at station B, rather than by oi] spills. Their 
station A was in an area which did not appear to be contaminated 
by a recent oi] spill. The offshore surface sediments of 
Southern Beaufort Sea appear to be comparable in PAH content to 
the nearshore sediment at Buzzards Bay. The nearshore sediments 
which were beach core material contain much less PAH than benthic 
or offshore sediments. However, the nearshore beach material 
has much lower organic content, and iS exposed to more extreme 
weathering. Due to the high variability of PAH in the natural 
environment, it is difficult to ascertain the characteristics of 
unpolluted sediments based on a small number of samples or on the 
analyses of a few specific compounds. The characterization would 
probably involve a more detailed study of the composition of 
different classes of compounds such as aromatics, cycloalkanes 
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and n-& iso-alkanes. (M. Tissier and Oudin, 1973). The informa- 
tion obtained for PAH in Southern Beaufort Sea sediments should 
be very useful as baseline data, especially in tracing any oi] 
spill with input of specific types of aromatics. 


LMW Hydrocarbons in Sea Water 


The data obtained in 1974 and 1975 are summarized in Tables 
17 and 18 respectively. In order to view the LMW hydrocarbon 
data for Beaufort Sea in the proper perspective, it is essential 
to examine the reported oceanic concentrations of hydrocarbons 
hirsi. 


Before examining in detail the data in Table 17 and 18, it 
is important to note the possible origins of various LMW-HC. 
The unsaturates, ethylene and propylene, appear to be biogenic 
and are not found at all in crude oils (Wilson, et al., 1970). 
Although refined products, for example gasoline, do contain 
unsaturated hydrocarbons, one does not expect to find any unsat- 
urated hydrocarbons in water as a result of natural seepage or 
crude oi] spillage. 


The saturated hydrocarbons, methane, ethane, propane and 
iso and n-butane all occur as the low boiling fraction in crude 
oils. Natural gas also contains a large fraction of methane 
with approximately 3% by volume being made up of ethane and 
propane. (Moore, et al., 1966). Methane is also produced 
naturally in anoxic regions and can in fact reach remarkably 
high values in this manner (Atkinson and Richards (1967), 
Jannasch (1975), Lamontagne, et al., 1973). Although the higher 
saturated hydrocarbons are also naturally produced, they are 
not nearly as prevalent as methane, commonly occuring in con- 
centrations which are more than two orders of magnitude lower 
(Sackett and Brooks, 1975). 


Methane 


Methane occurs in the atmosphere at a fairly constant level 
of 1.5 ppmv (Swinnerton and Lamontagne, 1974). Using the solu- 
bility data provided by Atkinson and Richards (1967), it can be 
shown that the expected concentration of methane in the water at 
atmospheric equilibrium would be 61-75 nl/1 depending on tempera- 
ture and salinity. Table 18 reveals that while many of the 
methane determinations lie close to this range, quite a large 
number were higher. A diagram of methane concentration plotted 
as a function of depth revealed no pattern, but if as in Figurel9 , 
the concentration is plotted as a function of distance from the 
bottom it becomes clear that much of the methane found in the 
study area was originating from the bottom. Particle concen- 
tration and size distribution studies which were concurrently 
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Figure 19. Variation of Methane Concentration with 
Distance from Bottom. 
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run as part of the 1975 chemical oceanography program revealed 
that bottom erosion was occuring at those stations where methane 
concentrations in excess of 300 nl/1 were found. 


In 1974 some of the near surface methane levels were high 
(Table 17, Stations 42, 44, 49 and 51) and at that time no 
supportable explanation could be given. All of these stations 
had been covered with ice a short time before sampling, and 
both grounded and moving ice was in the vicinity. Ice scouring 
coupled with ice coverage preventing atmospheric exchange could 
have put significant quantities of methane from the sediments 
into the water column and trapped it there. 


Surface concentration of methane for both 1974 and 1975 
are shown in Figure 20. There is no indication that the 
Mackenzie River is a source of high methane concentration, at 
least in the month of August for the two years of sampling. 


Ethane 


When solubility effects due to temperature and salinity 
are taken into account, the levels found in the Beaufort Sea 
compare very favourably with the oceanic average of 0.50 nl/1 
(Swinnerton and Lamontagne, 1974). Their average ethane con- 
centrations in the Greenland Ice Pack of 1.7 nl/l, were over 
twice that found for the Beaufort Sea. 


Propdne 


The average propane concentration found in Southern 
Beaufort Sea in 1974 was 0.17 nl/1 while in 1975 a higher 
average concentration of 0.34 nl/1 was found. The average 
open ocean baseline value of 0.34 nl/1 was reported by Swinnerton 
and Lamontagne (1974). 


Statistical analysis of the data indicate that the 
difference between the averages of 1974 and 1975 is significant 
at the 99% level. A possible explanation may be that the 1975 
stations were more representative of the oceanic environment 
while 1974 stations were largely estuarine. 


Iso and n Butane 


These hydrocarbon gases were found only at very low levels 
in both years. Considering the accuracy of the method for such 
low values, it can only be safely reported that butane was 
detectable, but only in trace amounts. 
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Ethylene and Propylene 


The levels of these two hydrocarbons found in the Beaufort 
Sea shelf area were quite low compared to those found in other 
regions. Since these two unsaturated hydrocarbons have been 
linked to biological productivity (Brooks, et al., 19735 
Swinnerton and Lamontagne, 1974; Wilson, et al.;, 1970) the low 
levels found here may indicate a low primary productivity for 
the area in 1974 and 1975. In 1974 the extremely turbid top 
seven meters of water limited light penetration which could have 
reduced unsaturated hydrocarbon production in two ways. Firstly, 
the high turbidity would severly restrict phytoplankton growth 
(Grainger, 1975), and secondly, photochemical processes which 
can generate these gases from dissolved organic material (Wilson, 
et al., 1970) could not proceed at a significant rate. 


Both ethylene and propylene tended to decrease with depth. 
The trend for propylene in Figure 21 clearly illustrates this. 
Variability also decreased with depth. 


Benzene and Toluene 


No detectableamount of these two aromatic hydrocarbons 
was found in 1975. They may serve as useful indicators of 
petroleum pollution in future. 


Non-polar Hydrocarbons in Fish, Marine Plankton and Sediments 


The search for evidence of contamination by minute quantities 
of petroleum hydrocarbons in the marine environment is difficult 
due to the masking effect of natural biogenic hydrocarbons, 
often present in very large amounts in marine organisms and 
sediments. To establish the presence of petroleum hydrocarbons, 
several techniqueshave been developed utilizing gas chromatography 
(NAS, 1975). These include studies of the presence of unresolved 
compounds in the gas chromatogram envelope (Farrington, et al., 


1972; Burns and Teal, 1971; Farrington and Quinn, 1973), and the 
absence of odd carbon-number predominence for the C,,-C.. range 
(NAS, 1975), the pristane/phytane ratio (C, Sn) ifetherc -C 
range, the pristane/isoprenoid isoalkane ratio“ fc :Cy9) Ee 
(Blumer and Sass, 1972) and the ratio of n-C _/total A8aikanes 
in C),-C,7 range (Clark and Finley, 1973). In general, as the 
quantity bt petroleum hydrocarbons becomes smaller and approaches 


the quantity of natural hydrocarbons, the analytical problem of 
distinguishing between the natural and petroleum compounds becomes 
increasingly more difficult. The detection limit of petroleum 
hydrocarbons is governed by the matrix of natural hydrocarbons 

in the sample, i.e., by the concentrations and types of the 
natural ones. 
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Natural hydrocarbons, like other natural organic compounds 
in general, are formed by specific biochemical pathways, which 
lead to the formation of certain organic carbon structures. 
These specific organic structures would occur in much greater 
abundance than others and provide useful characterization 
techniques, as first suggested by Eglinton, et al., (1962) for 
paraffins in plant material. Many land plants exhibit an odd- 
carbon predominance in their n-paraffin content, and the much 
higher concentrations of odd-carbon number n-paraffins also 
occur in lipids of organisms, as reviewed by Clark, Jr. (1966) 
and applied to characterization of natural hydrocarbons in 
benthic algae and in sea weeds (Clark and Blumer, 1967). 


In contrast to the biochemical pathways leading to simple 
mixtures of natural hydrocarbons, petroleum hydrocarbons are 
formed by very non-specific chemical pathways which lead to a 
great proliferation of organic compounds and the formation of 
very complex mixtures (Ehrhardt and Blumer, 1972). This provides 
the basis for the gas chromatogram envelope technique for 
estimating petroleum hydrocarbons. Temperature-programmed 
gas-liquid chromatography (g.1.c.) is particularly useful because 
it shows the degree of complexity of a hydrocarbon mixture and 
lends itself to relatively easy quantification. Because of 
the great complexity of petroleum hydrocarbon mixtures, there 
is always a portion of a mixture appearing as a broad envelope 
in the gas chromatogram as a result of the inability of even 
the most sophisticated temperature programmed g.1.c. in resolving 
all the individual compounds present. Thus, the presence of 
such a broad and unresolved envelope accompanying the often 
resolvable natural hydrocarbons in a biological material should 
indicate the presence of petroleum hydrocarbons (Ehrhardt and 
Blumer, 1972). 


The gas chromatogram envelope technique was used in this 
study. However, it should be kept in mind that this method 
has to be applied with much caution in the interpretation. 
The estimation of the petroleum contamination based on the 
resolution is dependent on the resolving power of the particular 
gas chromatograph used as well as on the matrix of the sample. 
The combination of an atypically complex mixture of natural 
hydrocarbons and a gas chromatograph of poor resolution could 
result in an artificial envelope of unresolved components. 
The difference in resolution power of various pack columns 
will lead to variation from laboratory to laboratory (NAS, 1975). 


In this study, the gas chromatograph system used is com- 
parable in resolving power to similar systems used by other 
workers (Clark, Jr. and Finley, 1973; Ehrhardt and Blumer, 1972; 
Burns and Teal, 1973; Farrington, et al., 1972) who have 
demonstrated the capability of such systems in resolving the 
natural hydrocarbons encountered in this study for marine organisms 
and sediments. Another problem is a tailing effect. Even if 
a gas chromatographic system can adequtely resolve a natural 
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hydrocarbon mixture, an envelope may arise from the tailing 

of chromatographic peaks. In this case, the envelope is 
Strictly an artifact, but does determine the lower limit to 
which an envelope can be attributed to a mixture of unresolved 
hydrocarbons in the presence of a greater amount of natural 
hydrocarbons. In order to estimate the tailing effect, a set 
of eleven n-alkanes covering the range of heptadecane (C, Hee) 
to dotriacontane (C, Hee) was chromatographed under cond! tidks 
comparable to those by which the fish samples had been run. 

The artificial "envelope" generated by the tailing effect was 
determined to be 14% of the hydrocarbon total. This value 
represents probably the “worst case" as the upper limit of an 
artificial “envelope". It should not be used, however, to 
correct concentrations or percentages which have been determined 
using the envelope of unresolved hydrocarbons, since it depends 
on the concentration, distribution and type of hydrocarbons in 
a sample as well as on the gas chromatographic system itself. 


Fish 


A summary of the results of the hydrocarbon concentrations 
in fish samples from Beaufort Sea and Station P is given in 
Table 27. The average of the frozen fish samples from the Beaufort 
Sea is about 38%, and the formalin preserved samples 49%, for 
the percentage of unresolved to total hydrocarbons. In contrast, 
the tuna and salmon from Ocean Weathership Station P (50°N, 145°) 
have percentages of 12 and 16% respectively; and within the 14% 
tailing effect discussed above, the fish samples from Ocean 
Station P are free from petroleum contamination as far as can be 
determined by the particular method on the same instrument 
system used. It is noteworthy that the apparently large con- 
centration (6.4 ug/g wet weight) of unresolved hydrocarbons in 
the tuna fish is an artifact of its exceptional high hydrocarbon 
content compared to other fish in the study. Burns and Teal 
(1973), using the same criteria, had concluded that all their 
samples of Sagasso Sea plants and animals were contaminated by 
petroleum hydrocarbons. Their values for unresolved hydrocarbons 
and percentage of unresolved to total hydrocarbons were also 
included in Table 27. The petroleum hydrocarbons in these 
Sargasso Sea fish samples dominate the gas chromatograms for both 
resolved and unresolved ones. In the case of the Beaufort Sea 
fish samples, it is not possible to determine if the resolved 
hydrocarbons are of petroleum or natural origin except for a few 
natural ones which are present in major quantities. However, 
from evidence of the envelope of unresolved hydrocarbons, hydro- 
carbons of the petroleum type may be present in the sample 
levels approaching the limit of the analytical method, with the 
questionable assumption of unaltered ration of resolved and 
unresolved hydrocarbons by weathering or incorporation into 
the marine food chain (Blumer, et al., 1970). 


Fish 


AYCtic.GiSGco 
(4 samples) 


Least Cisco 
(3 samples) 
Arctic Cisco 
Cisco (mainly 
fingerlings) 


Salmon 


Tuna 


Sargassum** 
fish 


Pipe fish 


Trigger 
fish 
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TABLE 25 


Non-polar Hydrocarbon Concentrations in Fish 


ee ye i LANs Ane) oe 
Hydrocarbon Concentrations 


Area 


S. Beaufort Sea 


S. Beaufort Sea 


S. Beaufort Sea 


S. Beaufort Sea 


STH Les bs 
Pacific Ocean 


Sth oe 0. Mes 
Pacific Ocean 
Tailing Effort 


Sargasso Sea** 


Sargasso Sea** 


Sargasso Sea** 


State 


Frozen 


Frozen 


Formalin 


Formalin 


Frozen 


Frozen 


Unresolve 


0.7-1.4 


0.6-1.8 


ota 


2.0-4.0 


2.0-7.8 


a 


069 


55 


Preserved |(ug/g wet weight) of fish flesh 


% Unresolve 


Av. 


24-67% 
38% 


23-30% 


54%, 
44%, 


16% 


12% 
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Marine Plankton 


The marine plankton and their non-polar hydrocarbon content 
are summarized in Table 20. The composition of the plankton 
would be mainly phytoplankton for shallower depths and zooplankton 
in deeper waters. Two major zooplankton hydrocarbons are 
tentatively identified: pristane (C Ha ) and heneicosane or 
heneicohexane (a eri C,, Heels us tRg Retention data. Pristane 
is an important Blofdgical harker of the phytoplankton and other 
plant pigment (Blumer, 1965; Blumer and Snyder, 1965; and 
Eglington, 1969) and is incorporated into copepods feeding on 
the phytoplankton (Eglington, 1969). In samples of mainly 
phytoplankton composition, much lower hydrocarbon contents were 
found and less dominance by any particular hydrocarbon occurred. 


An envelope of unresolved hydrocarbons was found in all 
the gas chromatograms of the zooplankton and phytoplankton 
samples (Table 20). The concentration of unresolved hydrocarbons 
ranges from 0:5 to 7.3 ug/g of plankton in wet weight. In the 
South Atlantic Ocean unresolved hydrocarbons for five zooplankton 
tows (Farrington and Teal, 1972) were undetected in three tows, 
and at levels of 0.3 and 20.4 ug/g (wet weight) in the other two. 
In Florida Strait and Yucatan Strait, gas chromatogram envelope 
was observed (Iliffe and Calder, 1974) but no quantitative data 
were given. In the western Gulf of Mexico (Parker, Winters and 
morgan, 1972), the hydrocarbons in a blue-green algae Trichodes- 
mium e., had carbon numbers less than C,, for samples from some 

Ad a homologous series 

of n-paraffins out to at least n-C 4° The presence of n-C,, to 
n-C., was suggested by these authors to be conclusive evidence 
for’betroleum contamination. Although not mentioned in their 
report, the example of the chromatogram from the polluted | 


Trichodesmium e. shows a huge envelope of unresolved hydrocarbons, 


in addition to the n-paraffin homologue. 


Most of the chromatograms of plankton hydrocarbons in this 
study show a series of n-paraffins extending from n-C, to 
n-C... with a maximum in the range n-C,,. None of the Shromatograms 
show more than a slight odd-carbon prédominance in the n-paraffins. 
Since these characteristics in the hydrocarbons of plankton 
have been observed for plankton grown in culture free from oil 
contamination (Clark and Blumer, 1967; Blumer, et al., 1971), 
their presence does not indicate pollution by petroleum hydrocar- 
bons. Thus, unless a certain n-paraffin series is absent, as 
in the case of the algae Trichodesmium e. discussed above, or 
has a known natural range in uncontaminated samples, the 
n-paraffins by themselves are not useful indicators of petroleum 
pollution. The n-paraffins have a proven utility only where 
the study organisms are well characterized and with both the 
temporal and spatial variabilities being considered (Clark and 


Finley, 1973). 
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It is inconclusive whether the unresolved hydrocarbons and 
n-C,. to n-C,, extension in the plankton analysis is indicative 
of Arua petroleum pollution in the marine environment or of 
sampling contamination. Despite precautions taken in sampling, 
some problems did arise. First, the plankton sample is a mixture 
of living and non-living material retained by the net, including 
any tar or plastic particles. Plankton samples collected near 
lanes of tanker traffic may contain small 'tarballs' making it 
uncertain whether the petroleum contamination is in the plankton 
itself or just associated with it (Farrington and Quinn, 1972). 
however, this possibility is unlikely in Southern Beaufort Sea 
due to lack of tanker traffic and absence of tarballs in surface 
net tows. The other possible contaminant is plastic,of the 
polyethylene type, which may contain large amounts of n-paraffins in 
the n-C,, to n-C4,. range and a complex of unresolved hydrocarbons 
(Douglas and Grahtham, 1973). However, from data on Neuston-net 
tows and particulate pollutants on beaches (Wong, et al., 1976), 
the amount of plastics is unlikely to be high enough to cause 
contamination in the analysis. Other possibilities of accidental 
contamination may also happen, such as the discharge of waste 
waters from the research ship, oi] from the ship's deck and 
machinery and plastics used in the freshwater system on the ship. 


Sediments 


The stations from which the analyzed sediments came are 
shown in Figures 22 and 23 for the 1974 and 1975 cruises 
respectively. The gas chromatograms of the paraffin containing 
fraction from the florisil chromatography of the sediment 
extracts are all characterized by the presence of a homologous 
series of n-paraffins, the isoprenoids pristane and phytane 
and an unresolved envelope. The contributions of the various 
resolved hydrocarbons and the unresolved envelope for each 
sediment are given in Tables 21 and 22 respectively. The con- 
centration range of the n-paraffins is 2.6-23.6 ug/g with an 
average of 11.0 ug/g. The concentration of the unresolved 
envelope hydrocarbons is 28.3 to 136.7 ug/g with an average 
of 62 ug/g. The n-paraffin of greatest abundance is nonacosane 
(n-C5,) or heptacosane (n-C,7) except in some samples with 
maxima in the heptadecane th-c, ) to tricosane (n-C..) range. 
In many samples, the n-paraffin distribution is cleafty bimodal. 
The n-paraffin distribution for three sediment samples are 
shown in Figure 24. In Figure 24a, the local maxima at nonadecane 
(n-C, ) and nonacosane (n-Cyq) are very nearly equal, whereas in 
Figure 24b and 24c, which are extreme cases, one of the local 
maxima clearly dominates. Bimodal distributions of n-paraffins 
are found in sediment with mixed marine and terrestrial hydro- 
carbons (Brown, et al., 1972) although microbial modification 
of such distribution is possible (Johnson and Calder, 1973). 


_ All the sediment samples show predominance of the n-paraffins 
having an odd number of carbon atoms over the n-paraffins having an 
even number of carbon atoms. .An increase uy this predomjnance js 

fins having increasing 


observed, moreover, On comparison of n-para 
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Figure 24, n-Parrafin Distributions in Southern Beaufort Sea 
Sediments (1975) for (a) Station 13, (b) Station 
42 and (c) Station 46. 


96 


numbers of carbon atoms.- The OEP(odd-even predominance) values for 
the series of n-paraffins from n-C, to n-C. are given in 

Tables 25. and 26. A CPI. (Carbon phaference Pndex) and an 

average OEP is also given for each sediment sample. The OEP 

plots for two sediment samples from different geographical 
area.are given in Figure 25. The sediment sample from 

station 46 (1975) has an OEP plot which is typical of other 
sediment samples from the same geographical location off 


i» Herschel Island: The OEP plot for the sediment sample from 


station 13 (1975) is typical of OEP plots for sediment samples 
from all other geographical locations. An area generally 
encompasing the western bank of Herschel Canyon, at least as 

far north as Herschel Island, has sediments with a remarkably 

high predominance of odd numbered n-paraffins over even numbered 
n-paraffins by comparison with the rest of the Southern Beaufort 
Sea bottom. The presence of an odd-carbon predominance in the 
higher molecular weight n-paraffins is regarded as evidence for 
their origin in land plants(Phillippi, 1974; Meinschein, 1969, 
1959; Clark, 1966; Eglington, et al., 1962; Stevens, et al., 1956). 
Peake agd co-workers (1972) have estimated an annual flux of 

24 x 10° g of n=paraffins on suspended sediments into the 

Southern Beaufort Sea via the Mackenzie River. This annual flux 
was based on two representative Mackenzie River sediment samples 
having a n-paraffin content of 5.4 ug/g and 6.2 ug/g respectively. 


Once n-paraffins enter the S. Beaufort Sea from the 
Mackenzie River and: become part of the sediment, it is expected 
that their concentrations and distribution patterns will become 


modified. Addition:of n-paraffins from marine organisms, 
‘diagenisis of n-paraffin precursor materials ‘such as fatty 


acids, microbial alteration of n-paraffin compositions and 
biodegredation ‘are some processes which can bring about modifi- 
catfons.” Marine organisms contain n-paraffins for which the 
CPI is nearly unity (Clark and Blumer, 1967; Koons, et al., 1965). 
Geochemical production of n-paraffins results in a decrease of 
odd-carbon predominence (Phillippi, 1974) Microbial alteration 
of n-paraffin profiles can also result in a decrease in odd- 
carbon predominance (Johnson and Calder, 1973; Dembicki, Jr., 
et al., 1976). ? Except for the so far unreported possibility 

of selective biodegredation of even n-paraffins, the common 
processes bringing about changes in the n-paraffin distribution 
would result in a diminishment of odd-carbon predominance. 


‘The relatively higher values for CPI and-OEP found for samples 
obtained southeast.of Herschel Island would seem to be consistent 
‘with thé deposition of river material with high organic carbons 
_insMackenzie Canyon off Herschel Island (Pelletier, 1975). 

“The average concentration of n-paraffins in the Beaufort Sea 


sediments, which were analyzed for this report, is about double 


- thexaverage concentration on suspended material entering the 


Beaufort Sea as reported by Peake and co-workers. Peake and CO- 
workers (1972b) also studied a limited number (10) of Beaufort 
Sea sediment and reported a range of total n-paraffins from 
1.23 to 9.40 ug/g with an average of 5.1 ug/g. Although the 
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The odd-even predominance values (Scalan and Smith, 1970) 
were calculated using the formula: 


$4 


et ‘ie 


OEP = | “es 4+ 6c. ne Oy + 4 
} 
! 


L 
— + | i ba soe 4 


where C, is the relative weight per cent of an n-alkane 


containing z carbon atoms per molecule. 


The average OEP values (Scalan and Smith, 1970) were calculated 


using the formula: . 
28 [ BO * rr (-1) 
OEP iS ine ‘ee ben e + 2 ~¢ +4 | 
average 1 pe | ei emis Ary S| 
~= 18 | ea | 
where C. is defined as in the above formula. The average 


OEP valdes calculated according to the above formula are 
centered at the Contes n-alkane, pentacosane. 


The carbon preference indices (Cooper and Bary, 1963; Scalan 
and Smith, 1970) were calculated using the formula: 
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where C ( weOb, 20.4 15 2h 4 6 ee ee es 
the relative weight per cent of the n-alkane containing x 
carbon atoms per molecule. The CPI ratios calculated 
according to the above formula are centered at the Costco 
n-alkane, pentacosane. 
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Figure 25. 
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Odd-Even Predominance in Paraffinic Hydrocarbons 
for Southern Beaufort Sea Sediments (1975) from 
Station 14 (in triangles) and Station 46 (in 
circles). 
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average concentration value reported here for Beaufort Sea 
sediments is slightly more than double that reported by 

Peake and co-workers the large range in values found may 

account for the differences in the averages. A better com- 
parison might be acheived knowing the geographical location 

of the sediments studied by Peake and co-workers. In any case, 
both sets of data are in accord with other results. For example, 
Brown and co-workers(1972) report two values for total n-parrafin 
concentrations in surface sediments obtained in Saanich Inlet, 
B.C.: 2.3 ug/g for a sediment from the oxidizing sill area and 
32.7 ug/g for a sediment from the reducing central basin. 


All the Beaufort Sea sediments, which have been analyzed, 
contain more than trace quantities of the isoprenoid hydrocarbon, 
phytane. In contrast, many recent sediments contain no detectable 
quantities of phytane suggested (Blumer and Snyder, 1965) to be 
the result of too slow production by geochemical conversion of 
phytol to phytane in the uppermost sedimentary layer. They also 
suggest that pristane, but not phytane, often found in recent 
sediments likely arises by conversion of phytol in the marine 
food chain. Since pristane and phytane are major constitutents 
in many crude oils and are present in nearly equal quantities 
(Speers and Whitehead, 1969; Zafiriou, et al., 1972) the presence 
of phytane and pristane/phytane ratios approaching unity in marine 
sediments are often cited as evidence of oi] pollution. However, 
Tissier and Oudin (1973) found a pristane/phytane ratio of almost 
unity in several unpolluted sediment samples in the estuarine 
environment on the French Coast of the English Channel and 
attributed the phytane occurrence to bacteria, in which both 
pristane and phytane are constituents. Bacterial production, 
therefore, could account for the presence of phytane in the 
Beaufort Sea sediments. Without specifying locations, Peake and 
co-workers(1972a) report the presence of phytane and pristane in 
sediments from the Mackenzie River drainage basin in quantities 
up to 0.18 and 0.25 ug/g respectively. Thus, suspended matter in 
the Mackenzie River may be a source of phytane in Beaufort Sea. 


Tar and Plastics 


As mentioned in 6.4, no tar or plastics were found in 
Southern Beaufort Sea. 


CONCLUSION 


From the baseline data collected on the THETA Cruise in the 
summer of 1974 and on the PANDORA II Cruise of 1975, with exten- 
sive hydrocarbon studies on sea water, fish, plankton and marine 
sediments by utilizing contaminant-free sampling techniques and 
shipboard clean-room sample-processing and analysis, the fol lowing 
conclusions can be drawn: 


102 


Polycyclic Aromatic Hydrocarbons in Sea Water. The PAH 
concentrations in the Southern Beaufort Sea vary between 
13 and 45 ng/1 (in chrysene equivalents) inversely with — 
salinity. Possibly due to the influence from the Mackenzie 
River, which flows through regions with known fossil fuel 
deposits and natural seepages, PAH in nearshore waters 
show much greater fluctuations than PAH in deeper offshore 
waters. The deeper shelf waters have a level of 16 ng/1, 
comparable in cleanliness to uncontaminated oceanic waters 
at Ocean Weathership Station P (50° N, 145° W) in N. E. 
Pacific Ocean. 


Polycyclic Aromatic Hydrocarbons in Marine Organisms. 
Total PAH, defined as the sum of chrysene, benzanthracene, 
perylene, phenanthrene and pyrene and certain isomers 

in the flesh of Southern Beaufort Sea fish (Pomfret, Least 
Cisco and Arctic Cisco) averages 21 ug/kg wet weight 
within a range of 9-31 yg/kg wet weight. It is difficult 
to compare these baseline data with those from other areas 
because of the differences in age, species, migration, 
food habits, analytical techniques and chemical compounds 
involved. For comparison, total PAH for fish caught in 
Station P waters, generally considered clean, amounts to 
20-82 ug/kg wet weight for salmon and 184 for tuna. 


Polycyclic Aromatic Hydrocarbons in Marine Sediments. 
Total PAH (defined as for organisms) in marine sediments 
is in the range 236-984 ug/kg wet weight for samples 
collected in the 1974 cruise and 122-2,888 ug/kg dry 
weight for the 1975 cruise. Total uv-PAH, defined as 
the sum of pyrene, benz[a]pyrene, perylene and coronene, 
is 0.4-20 ug/kg dry weight for nearshore sediments and 
about 300 ug/kg dry weight for benthic sediments. There 
is a paucity of data from other areas for a useful com- 
parison. 


Low Molecular Weight Hydrocarbons in Sea Water. The levels 
of LMW Hydrocarbons (in nanoliters/1 of sea water) in 
Southern Beaufort Sea are 72-617 methane, 0 for ethane 

and 0.20-0.92 for propane in 1974 data; and 15-1,151 for 
methane, 0.31-1.80 for ethane, and 0.11-0.90 for propane 

in 1975 data. These levels, with the exception of high 
methane in near-bottom waters, are considered low in general, 
indicating the absence of petrogenic inputs. The high 
methane in near-bottom waters is due to an influx from 

the sediments. The unsaturates are low, with ethylene 

in the range 0.14-1.92 nanoliters/1 of sea water for the 
1974 cruise and 0.18-4.14 nanoliters/1 for the 1975 cruise, 
and with propylene at levels of 0.09-1.59 nanoliters/1 

for 1974 and 0.14-1.90 nanoliters/1 for 1975. These low 
levels of unsaturates are of biogenic origin resulting 

from the low primary production in the Arctic marine 


(5) 
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environment. No detectable amount of LMW aromatic com- 
pounds (benzene and toluene) was found in the 1975 cruise. 


Non-polar Hydrocarbons in Fish. The few fish samples from 
Southern Beaufort Sea show percentages of unresolved to 


total hydrocarbons of 23%-67% compared to 12-16% for N.E. 
Pacific Ocean fish and over 80% for Sargasso Sea fish. 

Using these characteristics as a means of measuring petroleum 
contamination, N.E. Pacific fish is considered to be clean 
while Sargasso Sea fish definitely contaminated. Southern 
Beaufort Sea fish may be considered marginal in showing the 
presence of petroleum hydrocarbons taking into account the 
small number of samples analyzed, the biological variability 
and thelimitations of this unresolved hydrocarbon envelope 
technique. 


Non-polar Hydrocarbons in Marine Plankton. The n-paraffins 
in most of the marine plankton extend from n-C,, to n-C 
with a maximum in the n-C,, range with an insidRificant 
odd-carbon predominance aha an envelope of unresolved 
hydrocarbons. Compared to similar baseline data in the 
Atlantic Ocean and the Gulf of Mexico, the presence of 
petroleum hydrocarbons is. implied. However, it is incon- 
clusive whether such hydrocarbons are incorporated into the 
plankton biomass or just associated with the plankton col- 
lecting technique, which filters off all particulates, 
living or non-living. 


Non-polar Hydrocarbons in Marine Sediments. The n-paraffins 
in the marine sediments show characteristics of a bimodal 
distribution typical of a mixture of marine and terrestrial 
hydrocarbons. An odd-carbon predominance characteristic of 
terrestrial plant material is evident in most marine sedi- 
ments of the Southern Beaufort Sea, suggesting an influx 

of Mackenzie River water. Phytane, an isoprenoid not usually 
present in recent sediments, is found in all Beaufort Sea 
sediments. Phytane has been used to indicate the presence 
of petroleum contamination and it may originate from natural 
seeps and drilling operations in the drainage basin of the 
Mackenzie River, although the possibility of natural 
bacterial production, reported in unpolluted areas in the 
English Channel, should not be ruled out. 


Tar and Particulate Pollutants. Southern Beaufort Sea 
appears to be free of tarballs, floating domestic plastic 
wastes and plastics from seismic exploration activities, 
based on Neuston-net tows in the surface waters for 1974 
and 1975. The debris collected in the net appears to be 
of natural, terrestrial origin from trees, seeds and 
vegetations. 


eh 
9.1 


104 


IMPLICATIONS AND RECOMMENDATIONS 
Implications 


The very low levels of hydrocarbons now existing in sea water 
of the Southern Beaufort Sea would imply a marine environment of 
extreme cleanliness with respect to petroleum hydrocarbons. 


In the case of LMW hydrocarbons, the clean environment in the 
Southern Beaufort Sea may be evident when compared to the Gulf of 
Mexico where extensive baseline data are available (Sackett and 
Brooks, 1975; Brooks et al., 1973; and Swinnerton and Lamontagne, 
1974). In the Gulf of Mexico, wherever extensive shipping and 
drilling take place, extremely high levels of petrogenic LMW hydro- 
carbons are found. On the Louisiana Shelf and the Louisiana Texas 
Shelf, levels four to five times open ocean concentrations are 
routinely found, and frequently, levels fifty to a hundred times 
the baseline values are seen. High concentrations of the light 
saturated hydrocarbons have been found associated with every port 
examined (Brooks and Sackett, 1973). 


LMW hydrocarbon input from offshore drilling platforms produces 
methane levels up to three orders of magnitude times the background. 
Ethane, propane and butane are also found at levels over a thousand 
times their open ocean concentration, and in the case of butanes, 
an increase up to a million times has been reported (Sackett and 
Brooks, 1975). High saturated hydrocarbon levels have been measured 
at a distance of half a mile from a tanker dumping "clean" ballast 
water. 


Clearly, baseline levels of LMW hydrocarbons have been vastly 
altered over the majority of the continental shelf off Louisiana 
and Texas. Thus, with existing baseline data, future changes could 
be easily detected in the Southern Beaufort Sea. Since methane can 
be produced naturally and ubiquitously, interpretation of its source 
can often be in doubt. Considering that high natural levels are at 
present associated with near-bottom water and that these can 
influence surface concentrations particularly in shallow waters 
less than 10 m it would be poor practice to use methane concentration 
alone to look for future anthropogenic inputs. High concurrent 
levels of ethane, propane and butane would make a very clear case for 
petrogenic origin and therefore, future LMW hydrocarbon studies to 
assess the influence of oi] exploration on the environment should 
emphasize measurements of all saturated LMW hydrocarbons. 


Although the LMW hydrocarbons are not known to be exceptionally 
toxic, they can cause anaesthesia and narcosis in moderate concen- 
trations, and even death at sufficiently high levels (Blumer, 1969). 
Oxidation and exchange processes will eventually remove most of these 
hydrocarbons from sea water. However, their occurrence may indicate 
the presence of other not so harmless hydrocarbons such as the di-, 
tri- and polycyclic aromatic hydrocarbons. 


Polycyclic aromatic hydrocarbons are more persistent than LMW 
hydrocarbons in the marine environment, and as a result of their low 
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biodegradability, PAH could be accumulated to high concentrations in 
marine organisms and sediments. The main concern for this class of 
compounds is its carcinogenic potential. However, it should be 
emphasized that only a few of the PAH out of thousands tested 
exhibit carcinogenic activity towards experimental animals (ZoBell, 
1971) and their effects on marine organisms are essentially unknown. 
The most active carcinogenic hydrocarbons (Heidelberger, 1964) are 
20-methylcholanthrene, 9,10-dimethy1l-1,2,5,6-dibenzanthracene, 
9,10-dimethy1-1,2-benzanthracene and 1,2,5,6-dibenzanthracene. 
Often, closely related compounds structurally may be inactive or 
vice-versa. 


The PAH content in the Southern Beaufort Sea is low, implying 
either a very effective removal mechanism of PAH from sea water 
through biological uptake or sediment adsorption. The PAH content 
in the few fish samples from the Southern Beaufort Sea appear to be 
on the low side when compared to similar content in different species 
of fish in the N.E. Pacific Ocean. At least ten times more samples 
would be required to establish their presence in fish with statis- 
tically significant meaning. PAH in the marine sediments did not 
present many sampling problems since it is present in large quanti- 
ties. However, the variability in the sediment in Beaufort Sea and 
in marine mud from other geographical areas (ZoBell, 1971) implies 
a very difficult interpretation problem. 


The baseline data on non-polar hydrocarbons in fish imply the 
absence of petroleum contamination although this suggestion would be 
limited by the small number of samples and biological variability. 
Similar data in marine plankton and marine sediments imply the 
presence of petroleum hydrocarbons in the samples collected, possibly 
from the input from the Mackenzie River, which flows through areas 
with fossil fuel deposits and drilling operations. A lack of similar 
data in the Mackenzie River and the delta region prevents any firm 
conclusion on this possible explanation. 


The absence of tar and plastics in the Southern Beaufort Sea 
implies a clean environment, at least visually free from anthropo- 
genic influences. 


Recommendations 


It is recommended that: 


(1) Year-to year fluctuations in hydrocarbon levels should be 
studied to establish the natural variability for a better 
assessment of the anthropogenic inputs. In future, hydrocar- 
bons and possibly other pollutant levels should be monitored 
regularly in marine sediments, in sea water, in marine fauna 
and flora and in food fish species. 


(2) Several selected oceanic and nearshore areas, representative of 
the Arctic environment, should be preserved. It is with 
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prohibition of drilling activities in these areas that changes 
can be discerned when comparisons are made with areas where 
drilling has taken place. 


Wintertime hydrocarbons and chemical oceanographic data shoula 
be obtained so that the environmental consequences of winter 
drilling operations and/or accidental blowouts or spills can 
be assessed effectively. 


Further development of sampling and analytical techniques for 
low levels of hydrocarbons in the marine environment should be 
pursued. At present, special equipment and analytical methods 
only permit very few laboratories of extremely high competence 
to perform baseline studies in a pristine environment. To be 
effective, simplication of existing sampling and analytical 
procedures to a degree that can be handled by chemical oceano- 
graphic consultant companies will be required. 


Further work to ascertain the required hydrocarbon parameters 
is necessary, so that resources to assess future environmental 
changes can be applied more effectively. For example, measure- 
ments of all saturated LMW hydrocarbons and LMW aromatics would 
be more useful than measurements of methane alone, which may be 
produced by nature. Measurements of polycyclic aromatic hydro- 
carbon levels in sea water and marine organisms may be more 
useful than similar measurements in marine sediments because 

of the extremely high variability in the sediments. 


Whenever possible, baseline hydrocarbon data should be collected, 


especially if the samples can be obtained routinely from the 
same location. What should be observed depends on the compe- 
tence of the laboratory involved and the logistics problems in 
sampling, sample transportation and storage. Tentatively, the 
following sample collections should be made: (a) Neuston-net 
tows for tar and plastics, (b) fish frozen in ice, (c) freshly 
caught fish by the native population and (d) pipe-dredged 
surface sediment samples or sediment sampled by a gravity core 
sampler without using any lubricating grease or oil. Water 
sampling and storage should only be made when personnel are 
thoroughly familiar with the cleaning procedures and logistics 
of preserving the sample integrity. 


Te. 
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NEEDS FOR FURTHER STUDY 


Pollutants resulting from drilling operations, in particular 
trace metals, should also be studied simultaneously with hydrocar- 
bons. These can result from drilling muds, spilled fuels, ship 
operations and increasing human activities. The cost is 
minimal since the major cost may be absorbed in a hydrocarbon study. 


The environmental effects of pollutant uptakes, such as hydro- 
carbons, dispersants and trace metals, in the Arctic could be 
studied using C.E.P.E.X. techniques (Controlled Ecosystem Pollution 
Experiment) where sea water is enclosed with a small quantity of 
the test material added to study the sub-lethal effects. This work 
could be an extension of the present Ocean Chemistry work in Saanich 
Inlet. This approach has an important bearing on the interpretation 
a the chemical data on hydrocarbon levels and other contaminant 

evels. 


After the initial work on finding the existing levels of 
chemicals and hydrocarbons is completed, future work should be 
initiated to fill the gap in the processes at work in the Arctic 
environment which could affect the distribution of petroleum-based 
hydrocarbons and other pollutants. Knowledge on the geochemical 
cycles is also required since adsorption of the pollutants on 
sediments and the dispersion of sediments would be important 
factors in the fate of these pollutants. 


The present study is mainly a general investigation of the 
hydrocarbon levels in sea water, marine organisms and marine 
sediments in the Southern Beaufort Sea. In the immediate vicinity 
of the drilling sites and artificial islands, more concentrated 
efforts are required to monitor more acute environmental changes 
which may result from the drilling operations and associated 
increased marine traffic. 


Hydrocarbon input from the Mackenzie River and the hydrocarbon 
level around the Mackenzie Delta should be studied in the future. 
This study has shown that the Southern Beaufort Sea sediments con- 
tain natural petroleum hydrocarbons of terrestrial origin. The 
magnitude of these inputs must be assessed with accuracy for any 
future assessment of the change in hydrocarbon levels resulting 
from drilling operations. 


The conclusions reached in the present study are based on the 
best scientific techniques available which are not entirely satis- 
factory. When more advanced methods or new approaches are available 
in future, this study and its conclusions should be reviewed from 
time to time. Also, in future, when any compound is shown to be 
of environmental significance it may be checked using the sediment 
and tissue samples now being stored in an environmental sample 
bank at Ocean Chemistry. 
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